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Gold, Andrea Lee, M.S., August 1997 Wildlife Biology
Habitat use of black bears in the northeast Cascades of Washington 
Director: Dr. Christopher W. Servheen
I examined habitat use o f black bears in the northeast Cascade Mountains o f Washington 
during 1995 and 1996. I obtained 1916 aerial radiolocations for 26 black bears and 
analyzed habitat selection within annual home ranges. I used a vegetation map created for 
the North Cascades Grizzly Bear Ecosystem to define habitat variables and compared 3 
habitat use analysis techniques. I compared the results of the univariate chi-square method 
and the multivariate compositional analysis method using point relocations. Habitat use 
studies which use the chi-square method violate the unit sum constraint presented by 
proportional use versus availability data. The chi square method also violates assumptions 
of independence with use of relocation summaries as the sample size, rather than 
individual bears, whereas compositional analysis satisfies these requirements. I then 
compared compositional analysis at two scales, point (telemetry relocation) and area 
(buflfered relocation). I examined use within the area surrounding the telemetry relocation 
with a radius equivalent to the median aerial telemetry error for this study (230 meters). I 
found the original form of the vegetation map had too many habitat classes for practical 
statistical analyses, and the pixel size too large for accurate mapping of important small 
habitat components. However, vegetation classes could be combined to produce a bear 
habitat map. All habitat use methods indicated black bears exhibited habitat selection. 
Chi-square results suggested black bears selected for douglas-fir, riparian forests, and 
deciduous forests, and selected against hemlock, other conifers, fire and bare ground. 
Compositional analysis with point relocations (CAP) suggested riparian forest, douglas-fir 
and meadows were the 3 most important habitat classes. Results of compositional analysis 
with buffered relocations (CAA) were similar to CAP, but CAA displayed greater 
resolution and suggested deciduous forest and ponderosa pine were also important to 
bears. Riparian and mesic sites, and mosmcs of open and forested areas are important to 
black bears in the northeast Cascades. Habitat classes selected for or important to bears 
tended to display slightly greater but statistically not significant bear food plant species 
diversity. Compositional analysis of habitat selection with area data provided a more 
sound scientific analysis of habitat use and improved reliability of results.
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INTRODUCTION
Adequate habitat is a primary requirement for survival of wildlife populations 
(Morrison et al. 1992). Wildlife managers need to determine the relationships between a 
species and its habitat to develop appropriate management strategies. Numerous scientific 
studies have focused on the ecology, including habitat relationships, of the American black 
bear, Ursus americanus, throughout much of its North American range (Jonkel and 
Cowan 1971, LeCount 1982, Unsworth et al. 1989, Beck 1991, Hellgren et al. 1991, 
Schwartz and Franzmann 1991). In contrast, very little work has been conducted on the 
black bears of Washington State. Population studies have been completed on the west 
side of the Cascade Mountains, primarily near the Olympic Peninsula (Poelker and 
Hartwell 1973, Lindzey and Meslow 1977a, Lindzey and Meslow 1977b, Barber and 
Lindzey 1986, Lindzey et al. 1986), but little published work exists on those populations 
inhabiting the east side of the Cascades. At present, regulatory agencies are basing 
management strategies for the black bear on information obtained from the western 
Washington studies, or from similar studies conducted in other states (WDFW 1996). The 
habitat and environment on the east side of the Cascades is vastly different from that of the 
west side of the Cascades, warranting studies on eastern populations.
Once found ubiquitously and in large numbers, the black bear is no longer as 
prolific in the United States or Washington, and populations have become increasingly 
isolated (Poelker and Hartwell 1973, Pelton 1982, Hummel and Pettigrew 1991). Human 
caused mortality and loss or alteration of habitat are two of the most significant reasons
1
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for the decline of bear populations (Morrison et al. 1992, USFWS 1993). Recent 
application of closely monitored management has helped to maintain some North 
American black bear populations (Servheen 1990). Formerly considered a “useless 
predator” (Parsons 1979), interest in the black bear in Washington has changed over the 
last 40 years as it gained status as a big game animal, and the black bear is afforded some 
protection under state hunting regulations (Poelker and Hartwell 1973, WDFW 1996).
The black bear is considered a common species in Washington, but it too is subjected to 
human-caused pressures and there exists a lack of information on the black bear’s current 
population status. To effectively manage and conserve black bears with efficient, quality 
habitat and population management plans, in an environment of increasing human 
encroachment and resource demands (Miller 1990), accurate information on their specific 
habitat requirements is critical (Schoen 1990, Clark et al. 1993, Manly et al. 1993). Since 
the habitat on the east side of the Cascades is different from that of the west, the habitat 
use of the bears will also be different.
Black Bear Habitat
Habitat, as defined by Rogers (1993), consists of; food, water, thermal cover and 
escape cover, with food being the most influential component. Although the relationship 
between the black bear and its habitat is extremely complex, previous studies have found 
black bear habitat use is primarily determined by food availability (Jonkel and Cowan 
1971, Young and Beecham 1986, MacHutchon 1989, Clark et al. 1994). Habitat use 
analyses would be enhanced by microsite examination of the availability of bear foods that 
may be attracting the bear into a certain habitat type (Clark et al. 1994). Alternatively,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Schoen (1990) suggested analysis o f bear habitat use at a landscape level. Bears are large, 
mobile animals and can cover large areas when active, and a landscape level analysis could 
prevent exclusion of important aspects regarding the bear's relationship to its habitat. 
Therefore, examination of habitat use at multiple scales may provide the best results 
(Manly et al. 1993).
Habitat fragmentation occurs when the natural environment is reduced to small, 
isolated patches (Morrison et al. 1992). Fragmentation increases the heterogeneity of the 
landscape and complicates habitat use analyses as it increases the complexity of the 
environment. Fragmentation can lead to a loss o f quality habitat, which can adversely 
afreet wildlife (Wilcove et al. 1986), and is a documented problem for bears (Beecham 
1983, Mykytka and Pelton 1990, IGBC 1987, USFWS 1993). Roads, logging, 
development and recreation all contribute to fragmentation and habitat loss, and can 
negatively affect bear populations (Young and Beecham 1986, Kasworm and Manley 
1989, Servheen et al. In Press). Although bears are easily capable of mo\dng across the 
landscape in search of new habitats (Schoen 1990), fragmentation presents an additional 
problem. Fragmentation of habitats, especially by roads and large openings, such as clear- 
cuts, increases both accessibility for humans and bear vulnerability, resulting in an increase 
in the mortality rate for grizzly bears and black bears due to human-bear interactions 
(IGBC 1987, McLellan and Shackleton 1988, Brody and Pelton 1989, USFWS 1993, 
Mace et al. 1996, Mollohan and LeCount In Press).
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Habitat Use Analysis
White and Garrott (1990:13) described radio-telemetry as a useful field technique 
frequently employed by wildlife biologists to gather habitat use information. The accuracy 
and reliability of information obtained through radio telemetry, depends on the accuracy of 
the telemetry location. Telemetry locations are estimates of an animal's true location, yet 
investigators often use these locations as exact points for analysis, and fail to account for 
inaccuracies (Samuel and Kenow 1992, Saltz 1994). In the case of habitat use, this simple 
"point" analysis may lead to mislocation of animals, and a subsequent misclassification of 
the variable of interest (Lee et al. 1985, Samuel and Kenow 1992). Both ground and 
aerial telemetry are subject to error arising from: system error, topographic error, reading 
error, movement error, map error (Zimmerman 1990) and observer expectancy error 
(Mills and Knowlton 1989). Many authors strongly recommend calculating and reporting 
estimations of error in ground and aerial telemetry, and techniques have been described for 
determining the error polygon associated with ground telemetry (Heezen and Tester 1967, 
Springer 1979, Saltz and Alkon 1985, Nams and Boutin 1991) and the error circle 
associated with aerial telemetry (Hoskinson 1976).
Most bear habitat use analyses have been conducted at a point scale, where the 
researchers reported but did not incorporate telemetry error (Hellgren et al. 1991, Clark et 
al. 1994, Mace et al. 1996), while others did not report telemetry error (Poelker and 
Hartwell 1973, Amstrup and Beecham 1976, Young 1984, Unsworth et al. 1989,
Schwartz and Franzmann 1991, Aune 1994). Other studies analyzed habitat use by using 
only those relocations (triangulations) that occurred within homogeneous stands of habitat
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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(Young 1984, Unsworth et al. 1989), or by classifying used habitat as the dominant habitat 
type within the area of associated telemetry error (Costello and Sage 1994, Wooding and 
Hardisky 1994). Ignoring error, or concluding bears only use homogeneous habitats, 
contributes to errors in analyses and conclusions, especially with regard to increasing 
habitat fragmentation. As bears search for resources, they are responding to a variety of 
cues and experience in using a combination of habitats in a heterogeneous landscape. 
Calculating and incorporating telemetry error into habitat use analyses allows for the 
probability of use within an area around the relocation, not at an assumed point.
Traditionally, researchers have used the point data collected with radio telemetry 
to determine a chi-square statistic and simultaneous Bonferroni confidence intervals to 
describe habitat use and selection (Neu et al. 1974, Byers et al. 1984). This method may 
be statistically inadequate, primarily due to violation o f the unit-sum constraint of 
proportional use vs. availability data, and inappropriate pooling of relocations and 
subsequent erroneous sample sizes (Aebischer and Robertson 1992, Aebischer et al.
1993). To address these issues Aebischer and Robertson (1992) have proposed an 
alternative technique for compositional analysis (Aitchison 1986) of habitat use. This 
multivariate technique analyzes habitat use as proportions and can be used with point data 
(Aebischer and Robertson 1992, Aebischer et al. 1993), when heterogeneity is not an 
issue. Additionally, unlike the chi-square method, compositional analysis can address 
proportions of use within an area, such as the polygon or circle associated with telemetry 
error (Bissonette et al. 1994). Accounting for error through the use of area analysis does 
not improve the reliability of the relocation (Bissonette et al. 1994) but it may provide
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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more accurate and credible analyses of habitat use.
Habitat Map
The grizzly bear, Ursus arctos horribilis, a threatened species and close relative 
of the black bear, exists in very low numbers in the North Cascades of Washington 
(Almack et al. 1993). As part of a habitat evaluation requested by the Interagency Grizzly 
Bear Committee, Almack et al. (1993) and Gaines et al. (1994) developed an extensive 
vegetation data base and maps of vegetation and human use for the North Cascades 
Grizzly Bear Recovery Zone, in geographic information systems (GIS) format. Using 
Landsat satellite technology, the grizzly bear vegetation map (GBVM) was created at a 
scale of 57 m X 57 m pixels. The GBVM mapped the on-site vegetation and did not 
predict potential vegetation. The map had two levels of classification. Level 1 consisted 
of only 18 broadly characterized habitat types. Level 2 classification was finer than Level 
1 and consisted of a total of 50 vegetation and cover types, 16 of which were subdivided 
into east and west types according to their location relative to the Cascade mountains 
(Almack et al. 1993). The map was not filtered with a moving window procedure (Turner 
et al. 1991). Based on a supervised classification technique, Gaines et al (1994) reported 
an accuracy of 93 .2% for Level 2 habitat classification.
Originally created for grizzly bear recovery, these vegetation maps provided the 
original description of the vegetation in the North Cascades for this study. However, it 
remained to be seen how effective the map would be as a tool for documenting habitat use 
of bears. Gaines et al. (1994:12) also expressed the need for field-testing the GBVM to 
address possible limitations:
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"... for the mapping information to be usefiil for project specific analyses of the 
effects on grizzly bears, a microsite analysis must be completed. The resolution 
of our vegetation map was too large to accurately map some very important 
small habitat types For example, small avalanche chutes and small wet areas 
were not mapped and provide important habitat values for grizzly bears."
Additionally, data collected on black bear habitat use may be beneficial by 
providing valuable information on bear ecology in Washington for grizzly bear recovery. 
Although black bears and grizzly bears are different species, they share many similarities, 
including habitat requirements (Kasworm and Thier 1993). Results of black bear habitat 
use, as determined with the GBVM, could be useful to the Interagency Grizzly Bear 
Committee in their efforts to assess the potential habitat available to a fiiture grizzly bear 
population and how this habitat could be used by bears.
Objectives
My objectives were to provide a detailed description of black bear habitat use on 
the east side of the North Cascades using the existing Level 2 GBVM and to compare 
different techniques for determining habitat use. These objectives were subdivided into 
the following goals:
(1) evaluation of the usefulness of the GBVM, in its original form, as a tool to describe 
bear habitat use,
(2) description of black bear habitat use using the Level 2 GBVM and comparison of 
techniques:
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a) chi-square method vs. compositional analysis with point data
b) compositional analysis with point data vs. compositional analysis with area data
(3) description of possible sources of attraction to selected habitat classes, in relation to 
diversity of habitat classes and presence of bear foods.
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STUDY AREA
The North Cascades of Washington run north and south from Canada toward 
Oregon, through the western half of Washington. The Cascades are a geologically young 
mountain range, historically subjected to substantial alpine glaciation. The glaciation 
resulted in rugged peaks of moderate elevation, great U-shaped valleys, and thousands of 
rivers and streams (Williams and Lillybridge 1983). The Cascade range can be divided 
into western and eastern sections along the Cascade crest. The mountains west of the 
crest lead to the Pacific Ocean, while east of the crest the mountains slowly give way to 
rolling foothills and eventually wide open plains.
My study area ranged from slightly west o f the Cascade crest, near Ross Lake, east 
to the Sinlahekin Valley, and from the Canadian border, at its junction with the Pasayten 
River, south to the Twisp River. The glacially carved Methow River valley ran in a 
southeasterly direction, bisecting the study area south of the Pasayten Wilderness. 
Although the bears traveled throughout this area, most activity was concentrated in or 
near the Pasayten, Early Winters, Methow, and Chewuch drainages. The landscape in the 
study area varied from dry, lowland valleys, to wet, alpine meadows, with elevation ranges 
from 500 m in the valleys, to peaks exceeding 2700 m. The total study area encompassed 
approximately 7800 km  ̂(Fig. 1).
Climate
Williams and Lillybridge (1983) described the Cascades as an “important climatic
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Figure 1. Black bear habitat use study area in the northeast Cascade Mountains, Washington.
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divide”. Warm, moist air, originating from the Pacific Ocean, travels east, cools as it 
crosses the Cascade Crest, and deposits a great deal of moisture on the western portion of 
the study area. As this moisture depleted air continues east, it warms and descends the 
east side of the Cascades, creating a rainshadow. This results in a much drier climate on 
the east side of the Cascades. Summers are hot and dry, while winters are more 
continental, with heavy snowfall and cold temperatures (Gaines et al. 1994).
During my study, temperatures in Winthrop, in the Methow Valley, ranged from a 
low of -28 °C in February 1996 to a high of 37 ®C in August 1996. The temperature 
range in 1995 was similar. Throughout the northeastern Cascades precipitation varies 
from 21cm in the lower valleys to 406 cm in the mountains (Williams and Lillybridge 
1983). The total precipitation in the Methow Valley was 52.6 cm in 1995 and 50.6 cm in 
1996 (Bill Wallien, USFWS, pers. comm). Most of the precipitation fell as spring rain 
and winter snow.
Vegetation
The climatic divide created by the Cascade mountains resulted in very different 
vegetation compositions on the two sides of the crest. The east side was dominated by 
much drier habitat types. The major vegetation zones were dominated by coniferous 
forests and consisted o f ponderosa pine (Pinusponderosa), grand fir {Abies grandis), 
Douglas-fir {Pseudotsuga menziesii), western hemlock {Tsuga heterophylld), lodgepole 
pine {P. contorta) and subalpine fir {A. lasiocarpa) (Gaines et al. 1994, p.2). Shrub 
steppe types were also prominent. Shrub fields and meadows were interspersed 
throughout the study area. Although large continuous tree stands were common in
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wilderness areas, the remainder of the study area was fragmented by roads, avalanche 
chutes, fires, logging activity and private dwellings.
The majority of the study area was located within the Okanogan National Forest 
(CNF), Unlike the other National Forests of Washington, the CNF has only Douglas-fir 
and subalpine fir major upland closed forest zones (where a single tree species is 
dominant, per Franklin and Dymess 1973 in Williams and Lillybridge 1983). The ONF is 
lacking in more competitive tree species, allowing these two to dominate (Williams and 
Lillybridge 1983). The autoecological characteristics of these two species, such as snow 
damage resistance and fire resistance, are quite different and they form fairly distinct 
zones, with Douglas-fir at lower elevations and subalpine fir at higher elevations.
Two large fires burned extensive portions o f the ONF in 1994. The Whiteface 
Creek fire burned approximately 15.2 km^ and the Thunder Mountain fire burned 
approximately 37.2 km .̂ Historical fire suppression in the area created large fuel loads so 
both were high intensity fires. The timber fi"om both fires was being salvaged.
Land Ownership and Human Activity
The study area was comprised of several different land ownerships (all percentages 
are approximate). The Okanogan National Forest (ONF) administered 69% of the study 
area. Thirty-nine percent of the ONF was allocated as the Pasayten Wilderness, equivalent 
to 27% of the entire study area. As in most wilderness areas, disturbance was regulated 
and development and logging was prohibited. Additional areas of designated wilderness, 
administered by the ONF and the Wenatchee National Forest were present, and accounted 
for 7% of the study area. Fifty-five percent of the ONF, equivalent to 38% of the entire
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study area, was multiple-use land, used for commercial timber harvest, livestock grazing, 
hunting and recreation. Sheep and cattle grazing and logging have occurred in the valley 
and foothills since the late 1800’s and early 1900's (Portman 1993). The North Cascades 
National Park administered 13% of the study area. The Washington State Department of 
Natural Resources (DNR) administered 8% of the study area. The Washington State 
Department of Fish and Wildlife (WDFW) and the Bureau of Land Management (BLM) 
administered 2% of the study area. The remaining 6% was private land. Most o f the 
private land was located in the Methow Valley and the valley was the center for human 
activity. The towns of Twisp and Winthrop were located in the valley and were accessed 
via State Highway 20, The North Cascades Scenic Highway, which crossed the North 
Cascades onto the western slope and into much more metropolitan areas. Although the 
resident human population of the Methow Valley and surrounding areas was small, the 
valley had been substantially developed into vacation homes and tourist accommodations 
and facilities. The Methow Valley experienced the greatest influx of people during the 
summer, as Highway 20 closed each winter.
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METHODS
Trapping
The U.S. Fish and Wildlife Service (USFWS) and the Washington Department of 
Fish and Wildlife (WDFW) trapped black bears with Aldrich leg snares in the spring of 
1994 and 1995. The WDFW captured additional bears using a helicopter in 1996.
Trapped black bears were immobilized, thoroughly examined and marked with plastic ear 
tags and a lip tatoo. Bears were then fitted with a Telonics (Telonics Inc., Mesa, AZ) 
radio collar that was secured with a cotton spacer, to insure only temporary attachment 
(Hellgren et al. 1988), and released. When previously collared bears were trapped, agency 
personnel performed the same procedures as with a newly trapped bear, replaced the 
collar and released the bear.
Radio Telemetry
Aerial Telemetry
Although this project was initiated by the WDFW in 1994, severe forest fires 
created enough smoke to limit flight opportunities and the amount of data collection 
during the 1994 field season. I tracked the radio collared bears from den emergence to 
den entrance in 1995 and 1996. Radio collared black bears were located using radio 
telemetry from the air in a Cessna 182 TRG fixed wing aircraft. The telemetry equipment 
consisted of two H-antennae, one mounted to each wing, a Telonics receiver and switch 
box. The attempt of each aerial survey was to locate the entire collared population of 
bears twice a week using the techniques described by Mech (1983). During aerial tracking
14
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
15
observers recorded the relocation of each bear directly onto laminated maps (1 ;24,000 
scale), with a GPS unit and on field forms. The observer also recorded general habitat 
notes The coordinates obtained with the GPS unit were not differentially corrected so 
were only used for backup, in case of a missed/unmapped location, or to corroborate the 
accuracy of the observer. After each flight I transferred all bear relocations from the 
laminated maps to mylar U.S.G.S. orthoquad maps (scale 1 ;24,000). Since most black 
bear activity appeared to be diurnal in Washington (Lindzey and Meslow 1977b, Gaines 
and Bruns 1997), as well as in other areas (Amstrup and Beecham 1976, Larivière et al.
1994), all tracking occurred during the day. The majority of telemetry flights occurred in 
the morning to take advantage of optimum flight conditions (Mace et al. 1996).
Ground Telemetry
I recorded black bear relocations almost exclusively from the air, due to error and 
severe technical difficulties with ground tracking in this type of terrain (Kehoe 1995). 
Relocations obtained from the ground were a result of opportunistic tracking while 
conducting other field work. Bears were not intentionally tracked from the ground, but if 
a bear was located and observed, more than 24 hours from a telemetry flight, the 
relocation was plotted. At the culmination of each season I di^tized all aerial and ground 
relocations into GIS to obtain UTM coordinates.
Telemetry Error
Test collars were set out, at least once a week, during telemetry flights to test the 
tracking accuracy of the pilot and the aerial observers, and to determine the error circle for 
this study. A radio collar was placed on the ground for the pilot and aerial observer to
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locate without previously knowing the location. The observer plotted the estimated 
location o f the test collar during the flight. After the flight the individual who placed the 
collar then plotted the actual location of the collar. The distance between the observed 
location and the actual location equaled the error. Equal effort was expended locating the 
test collar and the bears, so I assumed the test collar error was representative of the error 
associated with tracking actual radio-collared bears (Kehoe 1995).
Habitat Use Analysis
The original GBVM was created in 1986, so prior to habitat use analysis I updated 
the portion of the GBVM vnthin my study area by overlaying data layers of harvest units, 
fires and roads, from 1986-1996. According to the original Level 2 habitat typing of the 
GBVM, there were 46 different habitat classes within the study area. I also created 2 
additional habitat classes. Fire and Harvest. Since a minor part o f my study area was west 
of the Cascade Crest I combined east/west subdivisions to reduce the map to 32 habitat 
classes. I reduced those 32 habitat classes down to 28 distinct classes for the initial chi- 
square analysis to ensure <20% of the classes contained expected frequencies less than 5 
(Hamilton 1990). I then further reduced the map to 14 distinct classes because a high 
degree of habitat heterogeneity decreases the power of the chi-square test to detect 
significant differences (Alldredge and Ratti 1986, White and Garrott 1986). The habitat 
classes from the Level 2 map were grouped based on similarity in plant community 
composition and structural attributes. The results of compositional analysis were also 
improved by reduction of habitat classes. Compositional analysis employs MANOVA 
statistical procedures, and a sample size (radio-collared black bears) smaller than the
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number of variables in question, in this case habitat classes, decreases the power of the test 
(Sokal and Rohlf 1995).
My analyses focused on annual habitat use within the home ranges of the bears, 3̂  ̂
order selection according to Johnson (1980). I began this project after determination of 
the trapping regime so I did not attempt to analyze 2"̂  order selection of a home range 
within a designated study area. I used the program CALHOME (Kle et al. 1994) to 
construct 95% adaptive kernel estimator annual home ranges for each bear (Worton 1989, 
Worton 1995). I overlayed all black bear home ranges onto the GBVM and defined 
available habitat as all habitat classes within each bear’s home range, and recorded the 
proportion of each habitat class within each home range. The relocation sample sizes for 
several bears were too small to differentiate into seasons so I did not perform seasonal 
habitat use analyses at this time.
Using the results of the test collar observations, I created circular buffers around 
each bear relocation within GIS. The bear relocation point served as the center o f the 
circle and each circle had a radius equivalent to the median error distance determined fi'om 
test collars. I overlayed the point relocations and the surrounding circles (buffers) onto 
the GBVM. I recorded the habitat class (pixel) containing each bear relocation point as a 
used habitat for that bear, and calculated the proportion of use by the number of 
relocations found within each habitat class (Mace and Manley 1993). I then recorded the 
area of each habitat class within each buffered relocation circle, and summed the area of 
each habitat class to obtain a cumulative proportion of use for each bear.
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Statistical Analysis
To determine if habitat use differed significantly from availability, and to describe 
where the significant differences occurred, I applied 3 different analyses. I used the 
traditional chi-square/Bonferroni confidence intervals method outlined by Neu et al.
(1974) and Byers et al. (1984). The chi-square statistic detected a significant difference in 
use vs. availability, and simultaneous Bonferroni 95% confidence intervals revealed if 
habitats were selected for, selected against, or no selection occurred. I used the 
alternative compositional analysis methods outlined by Aebischer and Robertson (1992) 
and Aebischer et al. (1993) to compare the two methods, chi-square vs. compositional 
analysis, with point data. Compositionzd analysis detected a significant deviation from 
random use and then allowed the habitat classes to be ranked against each other fi'om 
greatest use to least use. I then analyzed habitat use at two levels within compositional 
analysis, point data (relocations) vs. area data (buffered relocations). This circular area 
analysis was analogous to the error polygon analysis conducted by Bissonette et al.
(1994) Significance for the habitat use analyses and all subsequent tests was determined 
at a  = 0.05.
Vegetation Analysis
I conducted microsite vegetation and habitat analyses on accessible black bear 
relocations determined from aerial and ground tracking to gather more accurate and 
detailed data on specific, small habitat types important to bears at the recommendation of 
Gaines et al. (1994), and to catalog potential bear food plant species which may be 
attracting the bear to the sight of the relocation (Young and Beecham 1986, MacHutchon
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1989). I gathered vegetation data following the procedure for U.S. Forest Service 0.04 ha 
(0.1 acre) circular ecology plots (Williams and Smith 1991) using the telemetry relocation 
as the plot center. These plots included data on vegetation, slope, elevation, aspect and 
the occurrence of any disturbances and surface water (Gaines et al. 1994). Plant species 
nomenclature followed Hitchcock and Cronquist (1973). I then classified each plot 
according to the habitat typing key developed for the GBVM (Almack et al. 1993). I 
compared the observed vegetation classification with the GBVM classification and 
performed an accuracy assessment based on the following criteria:
1) If the observed classification equaled the GBVM classification I labeled the plot 
“accurate”.
2) If the observed classification did not equal the GBVM classification then I 
examined the pixels on the GBVM immediately surrounding the pixel containing 
the plot. I assumed a reasonable error of 57 m (the size of one pixel) in locating 
the telemetry relocation/plot on the ground. Therefore, if one of the immediately 
surrounding pixels equaled the observed classification, I labeled the plot as 
“accurate”.
3) If the plot did not meet any of the above criteria, I labeled the plot as 
“inaccurate”.
To further describe the habitat classes and to examine possible explanations for 
black bear habitat use, I analyzed the vegetation plot data with ECO AID (B. Smith, 
unpub.). I ran the SYNTAB program to calculate the mean percent cover and constancy 
of all plant species within each habitat class. Mean percent cover indicated the percent of 
ground within the plot covered by the species, averaged across all plots within a particular 
habitat class, regardless of whether the species was present in every plot. Constancy
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indicated the percentage of plots within a habitat class that contained each species. I also 
tagged the potential bear foods wthin each sampled habitat class. I determined a list of 
potential bear food species in the North Cascades by compiling several sources that have 
documented bear food habits in areas with similar plant species (Hatler 1972, Kendall 
1986, Almack et al. 1993). Food habits are generally determined through scat analysis. 
Because it is difficult distinguishing between a grizzly bear scat and a black bear scat, the 
food list contains species eaten by both grizzly bears and black bears. I ran the HILL 
program to obtain diversity indices for all plant species within each habitat class. I 
reported the recommended combination of species richness (N^) and the reciprocal of 
Simpson’s Index of Concentration (Nj) (Hill 1973, Routledge 1980). I also computed Nq 
and Nj for the potential bear food plant species within each habitat class. I transformed 
the habitat class order/rank from all 3 habitat use analyses into an ordinal value and plotted 
a linear smooth for the diversity indices.
I did not collect vegetation information about the Harvest and Fire habitat classes. 
Both of these habitat classes were created after the completion of all vegetation data 
collection. There were no bear relocations within the Fire habitat class, and in my random 
sampling of bear relocations, I did not sample the Harvest habitat class.
Roads
Roads were abundant in the multiple-use lands of this study area and it was 
impossible to ignore the possible effects of roads on the black bears. Although I did not 
explore this issue at length, I examined the relationship between the density of all roads 
(open and closed) within bear home ranges and bear age and survival using GIS.
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RESULTS
Trapping
The USFWS captured 37 black bears with Aldrich leg snares in 1994 and 1995, 
and radio-collared 9 female bears and 26 male bears (Table 1). Some bears suffered minor 
injuries, with no trap related mortalities. The WDFW captured and collared 2 additional 
female bears from a helicopter in the spring of 1996. One of those females died within 
days of capture from a dart puncture, resulting in the death of her 3 cubs as well. Over the 
3 years of this study, contact was lost for unknown reasons with 7.7% of the radio­
collared population, 20.5% dropped their collars and 35.9% were killed, which includes 4 
bears that dropped their collars or with which contact was lost prior to mortality. The 
mortality rates for each year were: 19.1% in 1994, 17.9% in 1995 and 22.7% in 1996. All 
mortalities were human-caused and primarily occurred during hunting season.
Radio Telemetry
From January 1995 through November 1996, relocations for 30 radio-collared 
black bears were recorded, for a total o f 1960 relocations. The number of radio-collared 
bears ranged from a low of 14 in April 1995, to a high of 26, in June 1995. I only used 
data from 26 of the black bears in subsequent analyses, for a total of 1916 relocations.
The number of relocations for these 26 bears ranged from 24 - 106 (x = 73.6, SE = 4.75). 
I recorded less than 21 relocations for the remaining 4 radio-collared bears. I excluded 
black bears with less than 21 relocations because they did not contribute enough 
relocations over the course of the non-denning season to accurately estimate a home
21
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Table 1. Identification, sex, age estimate, monitoring dates, status and relocation count of North 
Cascades black bear study population.
Bear ID Sex Age' Monitoring Dates Status No. of relocations
I f 2-3 3 May 95 — 11 Nov 96 active 106
5 f 2-4 12 May 95 — 11 Nov 96 active 100
14 f 5-6 14 June 95 — 6 Sep 95 dead-human caused 24
48 f 8 19 June 96 — 22 June 96 dead-human caused 1
49 f na 20 June 96 — 11 Nov 96 active 31
109 f 3 23 May 94 — June 1994 lost contact 0
114 f 10-11 27 May 94 — 11 Nov 96 active 100
120 f 2 31 May 94 — 11 Nov 96 active 95
124 f 6 1 June 94 — 11 Nov 96 active 94
221 f 6 31 May 94 — 11 Nov 96 active 76
227 f 8-9 12 June 94 — 3 Sep 96 dead-human caused 67
0 m na 8 June 95 — 11 Nov 96 active 79
3 m 15+ 8 May 95 — 7 Sep 96 dead-human caused 85
4 m 2-3 8 May 95 — 19 Aug 96 dropped collar 63
6 m 2 21 May 95 — 11 Nov 96 active 92
7 m 20+ 23 May 95 — 11 Nov 96 active 94
8 m 1.5 1 June 95 — 9 Sep 96 dead-human caused^ 78
9 m 2 6 June 95 — 11 Nov 96 active 94
11 m 2-3 11 June 95 — 11 Nov 96 active 84
12 m 2 13 June 95 — 11 Nov 96 active 88
13 m 15+ 14 June 95 — 8 Aug 96 dropped collar 69
105 m 25+ 17 May 94 — 15 July 95 dropped collar 20
107 m 5-6 18 May 94 — 9 July 95 dead-human caused^ 20
116 m 4 28 May 94 — 5 Sep 94 dead-human caused 0
118 m 6 30 May 94 — 9 April 96 dead-human caused^ 57
122 m 10 31 May 94 — 2 Sep 95 dead-human caused^ 31
126 m 10+ 6 June 95 — 7 Oct 95 dead-human caused 49
128 m 2 22 June 94 23 Sep 94 dead-human caused 0
130 m 4 22 June 94 — 1994 dead-human caused 0
133 m 2 14 May 94 — 11 Nov 96 active 95
142 m 3 24 June 94 — 11 Nov 96 active 62
144 m 4 25 June 94 — Oct. 1994 lost contact 0
223 m 12 31 May 94 — Sept. 1994 dropped collar 0
225 m 10 5 June 94 — 11 May 95 dead-human caused 3
231 m 5-6 12 June 94 —— 11 Nov 96 active 73
233 m 6 18 June 94 — 8 Oct 94 dead-human caused 0
237 m 4 22 June 94 — 22 Sep 95 dropped collar 30
95 m 1 28 Feb 96 — not collared unknown 0
96 m 1 28 Feb 96 — not collared unknown 0
229 m 4 12 June 94 — not collared unknown 0
235 m 3 18 June 94 — not collared unknown 0
’ age estimate at time of capture ̂ status as of November 11, 1996 
^-dropped collar prior to mortality Most contact prior to mortality
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range. Females accounted for 36.2% of the relocations while males accounted for 63.8% 
of the relocations.
Telemetry Error
We estimated locations and distances from the estimated location to the actual 
location for 46 test collars Distances ranged from 5 m to 1430 m, with a mean error 
distance of 226 m . However, the distance distribution displayed strong positive skewness 
due to a few large outliers (Fig. 2). I used the median distance o f 115 m as the radius in 
my subsequent circular area habitat use analyses as it was more representative of our 
accuracy. This resulted in buffered relocations with an area of 4.15 ha. Most (87%) of 
the error distances were less than 440 m.
0 + 1 I  I
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Distance (meters)
Figure 2. Distribution of aerial radio telemetry test collar distances for 1995 and 1996 (n=46).
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Home Ranges
The overall mean black bear home range was 202.2 km^ (SE = 50.9 km^) (Fig. 3).
The size of male home ranges differed significantly from the size of female home ranges
(P=0.003, df=16.1 with separate variances). Female home range size ranged fi'om
21.6 km^ to 58.9 km^ with a mean of 37.1 km  ̂(SE = 4.2 km^). Male home range size
ranged from 57.9 km  ̂to 1076 km  ̂with a mean of 289.7 km^ (SE = 69.4 km^). The home
ranges of 22 bears (84.6%) were located mainly within multiple-use lands of the ONF and
overlapped extensively (Fig. 1).
1500
1000
500
all bears females males 
Category
Figure 3. Home range areas for North Cascades black bear study population. Distributions are 
presented for the entire population (n=26), females (n=9) and males (n=17).
Habitat Use Analysis
Habitat
The combined and original habitat classes used in all analyses are described in 
Table 2. Definitions of the alpha-numeric codes used in the GBVM are presented in
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Table 2. Description of habitat classes used in chi-square 
classes were created by combining Level 2 habitat classes 
map (GBVM).
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and compositional analyses. Habitat 
from the original grizzly bear vegetation
N ew  habitat class 
(abbreviation'»
Description Original GBVM classes 
in study area *
I —  Ponderosa Pine 
(PIPO)
dominated by ponderosa pine stands 2. PIPO (2)
3. PIPO-PSME (3)
2 —  Douglas-flr 
(PSME)
dominated by Douglas fir stands 4. PSME-MDŒD CONIFER (4)
3 —  Subalpine Fir 
(ABLA2)
dominated by subalpine fir stands 6. ABLA2-PIEN-PICO-EAST (6)
4 —  Riparian Forest 
(Ripar)
riparian areas 8. PIEN RIPARIAN (8)
5 —  Hemlock 
(Hem)
dominated by hemlock stands 10. TSHE (10) 
14.T SM E (14)
6 —  Other Conifers 
(Conif)
dominated by silver fir, larch, 
or wdiite bark pine
12. A B A M (12)
16.PIA L (16)
17. LALY (17)
7 —  Deciduous Forest 
(Decid)
dominated by deciduous trees 44. RIPARIAN DECIDUOUS FOREST (44) 
46. NONRIPARIAN DECID. FOREST (46) 
53. AGRICULTURE-ORCHARD, 
CROPS(46)
8 —  Mosaic
(Mos)
mixture o f  trees, shrubs, herbs, and 
bare ground, with no clear dominant
30. SUBALPINE MOSAIC (30) 
32. MONTANE MOSAIC (32)
9 —  Shrubfield 
(Shrub)
dominated by shrubs 29. SUBALPINE HEATHER WITH VADE(29) 
36. MONTANE SHRUB (36)
38. LUSH SHRUB (38)
42. LUSH LOW ELEVATION SHRUB (38)
54. SUBALPINE TO ALPINE 
VASC/VACA (54)
10 —  Meadow 
(Mead)
dominated by herbaceous vegetation 22. ALPINE MEADOW (22)
25. SUBALPINE LUSH MEADOW (25) 
27. SUBALPINE MESIC TO DRY  
MEADOW(27)
34. MONTANE HERBACEOUS (34) 
40. LUSH LOW ELEVATION 
HERBACEOUS (34)
11 —  Shrub-Steppe 
(Steppe)
dominated by shrub-steppe vegetation 18. SHRUB-STEPPE-HERBACEOUS (18)
19. SHRUB-STEPPE-PUTR (19)
20. SHRUB-STEPPE-ARTR (20)
12 —  Harvest areas harvested between 1986 and 1996 n/a
13 — Fire bum occurred within the last 2 years n/a
14 —  Bare/Rock/Water 
(Bare)
areas lacking vegetation 1. water (1)
48. bare ground, snow and ice, etc. (1)
(#) = habitat class number used in analysis with 28 classes, equal numbers indicate combined classes.
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Appendix A. As suggested by the relative abundance of each habitat class (Fig. 4), 
coniferous forests dominated the study area, and primarily consisted of the Subalpine Fir 
class. A substantial amount of Shnib-Steppe, Meadow, and Shrubfield occurred in the 
study area as well. Mosaic, Deciduous Forest, Riparian Forest, Fire and Harvest occurred 
in the study area at a much smaller degree.
I
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Conif
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PIEN
ABLA2
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PIPO
Bare
0 25 50 75 100 125 150 175 200 225
Hectares (thousands)
Figure 4. Relative abundance of each habitat class within the North Cascades black bear habitat use 
study area. These 14 habitat classes are the final combinations comprised of the habitat classes from 
the original grizzly bear vegetation map (GBVM).
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Statistical Analysis
Chi-Square Method — 28 habitat classes 
The chi-square method with 28 habitat classes indicated habitat use of black bears 
was significantly different fi-om expected (%^=784.52, df=27, P<0.001). Modified 
Bonferroni confidence intervals (a=0.05) suggested black bears used PSME, PIEN 
Riparian, Montane Herbaceous, Montane Shrub and Non-Riparian Deciduous at a greater 
proportion than was available, and therefore exhibited selection for these classes (Table 3). 
Black bears used Bare/Rock/Water, ABAM, TSME, LALY, Alpine Meadow, Subalpine 
Lush Meadow, Subalpine Heather with VADE, Subalpine to Alpine VASC/VACA and Fire 
less than they were available, so therefore exhibited selection against these classes. The 
remaining 14 habitat classes were used approximately in proportion with availability.
Chi-Square Method — 14 habitat classes 
The chi-square method with only 14 classes also indicated habitat use of black bears 
was significantly different from expected (%̂  =340.15, df=13, P<0.001) and bears did not 
use habitat classes in proportion to their availability. Modified Bonferroni confidence 
intervals (a=0.05) suggested bears selected for Douglas-fir, Riparian Forest, and Deciduous 
Forest, and selected against Hemlock, Other Conifers, Fire, and Bare (Table 4). The 
remaning 7 habitat classes were used approximately in proportion to their availability.
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Table 3. Habitat selection by radio-collared black bears in the North Cascades study area as 
determined by the chi-square method and 95% simultaneous Bonferroni-z confidence intervals. 
Habitat availability was defined by the first reduction of original GBVM habitat classes into only 28 
habitat classes. See Table 2, for cross-reference of habitat classes.
Habitat
Class
Observed
Number
Observed
Proportion
Expected
Proportion
Selection* Confidence Interval
1 23 0.0125 0.0564 — 0.0044-.0.207
2 66 0.0360 0.0294 0 0.0223-0.0496
3 177 0.0965 0.0832 o 0.0749-0.1180
4 324 0.1766 0.1241 + 0.1487-0.2045
6 480 0.2616 0.2872 o 0.2294-0.2937
8 69 0.0376 0.0140 + 0.0237-0.0515
10 7 0.0038 0.0038 0 -0.007-0.0083
12 37 0.0202 0.0379 — 0.0099-0.0304
14 76 0.0414 0.0693 — 0.0268-0.0560
16 7 0.0038 0.0059 o -0.0007-0.0083
17 3 0.0016 0.0086 — -0.0013-0.0046
18 53 0.0289 0.0362 o 0.0166-0.0411
19 32 0.0174 0.0167 0 0.0079-0.0270
20 8 0.0044 0.0027 0 -0.0005-0.0092
22 2 0.0011 0.0143 — -0.0013-0.0035
25 19 0.0104 0.0201 — 0.0030-0.0178
27 41 0.0223 0.0302 o 0.0115-0,0332
29 6 0.0033 0.0130 — -0.0009-0.007
30 15 0.0082 0.0075 o 0.0016-0.0148
32 27 0.0147 0.0123 o 0.0059-0.0235
34 103 0.0561 0.0333 4- 0.0393-0.0730
36 97 0.0529 0.0103 + 0.0365-0.0692
38 7 0.0038 0.0018 o -0.0007-0.0083
44 11 0.0060 0.0019 0 0.0003-0.0166
46 87 0.0474 0.0209 + 0.0319-0.0630
54 30 0.0163 0.0442 — 0.0071-0.0256
Harvest 23 0.0125 0.0050 o 0.0044-0.0207
Fire 5 0.0027 0.0098 — -0.0011-0.0065
Selection for = +, against = —, proportional = o
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Table 4. Habitat selection by radio-collared black bears in the North Cascades study area as 
determined by the chi-square method and 95% simultaneous Bonferroni-z confidence intervals. 
Habitat availability was defined by final combination of GBVM habitat classes into only 14 habitat 
classes. See Table 2. for cross-reference of habitat classes.
Habitat Class Observed
Number
Observed
Proportion
Expected
Proportion
Selection' Confidence
Interval
Ponderosa Pine 243 0.1324 0.1126 0 0.1076-0.1572
Douglas-fir 324 0.1766 0.1241 + 0.1487-0.2045
Subalpine Fir 480 0.2616 0.2872 o 0.2294-0.2937
Riparian Forest 69 0.0376 0.0140 + 0.0237-0.0515
Hemlock 83 0.0452 0.0730 — 0.0300-0.0604
Other Conifers 47 0.0256 0.0524 — 0.0141-0.0372
Deciduous Forest 98 0.0534 0.0228 + 0.0370-0.0699
Mosaic 42 0.0229 0.0197 o 0.0120-0.0338
Shrubfield 140 0.0763 0.0693 o 0.0569-0.0957
Meadow 165 0.0899 0.0980 o 0.0690-0.1108
Shrub-Steppe 93 0.0507 0.0555 o 0.0346-0.0667
Harvest 23 0.0125 0.0050 o 0.0044-0.0207
Fire 5 0.0027 0.0098 — -0.0011-0.0065
Bare/Rock/Water 23 0.0125 0.0564 — 0.0044-0.0207
' Selection for = +, against = —, proportional = o
Compositional Analysis — Point Scale (CAP> — 14 habitat classes 
Compositional analysis of the point data detected a significant departure from 
random use (weighted Wilk’s lambda=0.0233, X^=97.74, randomized P<0.001), suggesting 
the bears exhibited habitat selection. Habitat classes ranked as follows, from the highest 
amount of use relative to the other habitat classes (lowest rank), to the least amount of use 
(highest rank):
Riparian Forest > Douglas-fir > Meadow > Subalpine Fir > Shrubfield > Deciduous 
Forest > Ponderosa Pine > Shrub-Steppe > Hemlock >
Harvest = Mosaic > Fire > Other Conifers > Bare
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An '= ’ indicated a tie between ranks.
The matrix in Table 5a defines where a significant difference occurred between each 
type. If two types share the same letter they were not used significantly different from each 
other, however the habitat classes were ranked according to the overall occurrence of 
significance. For example, the top ranked Riparian Forest habitat class was not used 
significantly more than Meadow, but Riparian’s overall rank was higher. Riparian Forest 
was therefore considered more important to bears because it was used significantly more 
than many of the other classes or was at least used consistently more than the other classes, 
which corresponded to the number of positives in the significance matrix (See Aebischer et 
al. 1993).
Compositional Analysis — Area Scale (CAA’l — 14 habitat classes
Compositional analysis of the area data also detected a significant departure fi'om
random use (weighted Wilk’s lambda=0.0599, X^=73.19, randomized P<0.001), indicating
bears exhibited habitat selection. Habitat classes ranked differently than in the previous
compositional analysis with point data. Habitat classes ranked as follows:
Riparian Forest > Deciduous Forest > Ponderosa Pine = Douglas-fir >
Meadow > Hemlock = Subalpine Fir > Shrubfield = Mosaic >
Harvest > Shrub-Steppe > Bare > Fire > Other Conifers
The sources of significance and resulting ranks appear to be far more concise than in the
point analysis (Table 5b). The CAP ranking matrix is disorderly and complicated and
indicates a number of non-significant differences in relative use within the first 9 habitat
classes (Table 5a). The most distinct break in the CAP ranks appeared to occur between 9“*
ranked Hemlock and 10* ranked Harvest. Although there is still some overlap, the
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Table 5. Ranked kd)itat classes resulting from compositional analysis at two scales, a) point 
relocation (CAP) and b) buffered relocation (CAA), and indication of where significant ^fferences 
lie. Habitat classes are ranked from highest use (1) to least use (13), and the same number for two 
classes indicates a tie. If two habitat classes do not share a common letter in the ‘Ranks differ’ 
category, then there was a significant difference between the relative use of those two classes.
a) Ranked order derived from point relocations (CAP)
Rank Habitat Class Ranks differ
1 Riparian Forest a b c d
2 Douglas-fir a d
3 Meadow a b c d f
4 Subalpine Fir b c f
5 Shrubfield a b c d f
6 Deciduous Forest a b f
7 Ponderosa Pine a b c d
8 Shrub-Steppe b c e f
9 Hemlock c d e g
10 Harvest b e f g h
10 Mosaic e g h i
11 Fire f g h i
12 Other Conifers h i
13 Bare/Rock/Water i
b) Ranked order derived from buffered relocations (CAA).
Rank Habitat Class Ranks differ
1 Riparian Forest a
2 Deciduous Forest a b
3 Ponderosa Pine b c
3 Douglas-fir b c d
4 Meadow c d e
5 Hemlock c d e
5 Subalpine Fir d e
6 Shrubfield d e
6 Mosaic e
7 Harvest d e f g
8 Shrub-Steppe e f
9 Bare/Rock/Water f g
10 Fire a b c d e f g
11 Other Conifers g
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CAA produced a more orderly matrix and suggested Riparian Forests and Deciduous 
Forests were significantly more important to bears than the other classes. The most distinct 
break in the CAA appeared between the Mosaic (6* tie) and Harvest (7“*) habitat classes.
Vegetation Analysis
I completed 236 vegetation plots to describe the 14 combined habitat classes 
(Appendix B). My vegetation classification was consistent across both seasons with an 
overall accuracy (concurrence with the GBVM) of 76.3% (Table 6). I classified the 
inaccurate plots according to the most likely reason for lack of concurrence with the GBVM 
(Table 7).
Table 6. Summary of vegetation plot accuracy for 1995 and 1996. Assignment to the
1995 1996 Both Years
plot sample size 84 152 236
failure 20 36 56
accurate 64 116 180
accuracy rate (%) 76.2 76.3 76.3
Table 7. Possible explanations for vegetation plot inaccuracies and fi'equer
1995 1996 Both Years
elevation transition 4 7 11
patches of ABAM/TSME 4 5 9
degree of PIPO 3 11 14
inconsistent (unknown) 9 13 19
total 20 36 53
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Diversity Analysis
I analyzed the diversity of the 14 habitat classes with 2 indices, (Nq, N^), and at two 
levels: diversity of all plant species within the plot and diversity of potential bear food 
species only. An ANOVA test of all plant species indicated a significant difference between 
the mean values of both Nq (F ratio=l,885, df=10, P=0.048) and N; (F ratio=2.778, dfi=10, 
F=0.003) across all habitat classes. Comparison of and Nj against the ranked order of 
habitat selection for all 3 different methods of habitat use analysis did not provide strong 
evidence of influence (Figures 5a, 6a, 7a). However, the linear smooth revealed slight 
trends within the data. In all 3 methods, chi-square (CS), compositional analysis-point 
(CAP) and compositional analysis-area (CAA), there was a decreasing trend in the mean N„ 
value as the rank increased (use decreased) (Fig. 5a, 6a, 7a). Species diversity (No) 
appeared to decrease as habitat classes were used less or selected against by the bears. This 
trend was only significant in the CAP (r^O.039, P=0.002) (Fig. 6a) and in the CAA 
(r^=0.021, P=0.026) (Fig. 7a). In contrast, the mean value ofN ; appeared to increase 
slightly with an increase in rank in all 3 analyses (Figs. 5a, 6a, 7a), but this relationship was 
not significant in any case (CS r^=0.004, P=0.349, CAP f =0.002, P=0.474, CAA r^=0.009, 
P=0.136).
The results of the diversity analysis with only potential bear food plant species within 
each plot were similar to the previous results with all plant species. A significant difference 
was detected between the mean diversity index values across habitat classes for both Nq (F 
ratio=2.805, P=0.003) and Nj (F ratio=3.513, P<0.001). The relationship between Nq, 
calculated with only the potential bear foods, and the 14 habitat classes was similar to the
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Figure S. Hill (1973) diversity indices (mean +/-SE) for each habitat class. Habitat classes are plotted on 
the x-axis according to habitat use vs. availability as determined by chi-square/Bonferroni method. Ng is the 
species richness index and is the reciprocal of Simpson’s index. Plots also include a linear smooth of the 
diversity index against the transformed ordinal value of the habitat class order. Symbols following class 
name indicate selection: + = selected for, o = no selection and — = selected against.
a) diversity indices calculated with all plant species within each habitat class
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Figure 6. Hill (1973) diversity indices (mean +/-SE) for each habitat class. Habitat classes are plotted along 
the x-axis according to ranked habitat use as determined by compositional analysis with point 
radiolocations. Nq is the species richness index and Nj is the reciprocal of Simpson’s index. Plots include a 
linear smooth of the diversity index against the transformed ordinal value of the habitat class rank.
a) diversity indices calculated with all plant species within each habitat class
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Figure 7. Hill (1973) diversity indices (mean +/-SE) for each habitat class. Habitat classes are plotted along 
the x-axis according to ranked habitat use as determined by compositional analysis with buffered 
radiolocations (area analysis). Nq is the species richness index and N% is the reciprocal of Simpson’s index. 
Plots include a linear smooth of the diversity index against the transformed ordinal value of the habitat class 
rank.
a) diversity indices calculated with all plant species within each habitat class
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previously described relationship of N„ calculated with all plant species. In all 3 analyses the 
mean value o f Nq decreased with increasing rank (Figs. 5b, 6b, 7b). The trend here was 
slightly stronger than in the analysis with all plant species, and was found significant in all 3 
cases (CS r^=0.044, P=0.001, CAP r^O.058, P<0.001, CAA r^=0.057, P<0.001). Contrary 
to the Nj analysis with all plant species, Nj of bear food species displayed a decreasing trend 
relative to decreasing rank (Figs. 5b, 6b, 7b), but this trend was very slight and not 
significant in any case (CS rM).004, P=0.321, CAP r^=0.002, P=0.52, CAA r^=0, P=0.805).
Road Density
Road density within the 9 female home ranges ranged from 0 km/km^ - 2.69 km/km^ 
(x = l. 17, SE=0.31). Road density within the 17 male home ranges ranged from 
0 km/km^ - 1.92 km/km^ (x=0.75, SE=0.13). The 0 km/km^ values resulted from bears with 
home ranges entirely in designated Wilderness areas. Although the density o f roads within 
female home ranges was somewhat greater than males, road density within the home ranges 
of the black bear study population did not differ significantly by sex (P=0.243, df=10.7 with 
separate variances).
There was a slight increase in home range road density with an increase in black bear 
age (Fig. 8), but the relationship was not significant (r^O.033, P=0.397). I did not have age 
information for 2 males so the sample size equaled 24 bears. One 6 year old female black 
bear had a much greater road density within her home range than the remaining study 
population. Removal of this bear from the analysis suggested a slightly stronger relationship 
between road density and age, but again the results were insignificant (r^=0.071, P=0.218).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
38
3
<N
2
M
1
0
0 5 10 15 20 25
Age (years)
Figure 8. Relationship between black bear age in years, including both males and females (n =24), 
and road density within each black bear’s home range (km/km )̂. Age was estimated at time of 
capture or through tooth cementum analysis, and then adjusted to represent the age of the black bear 
as of November 1996. (r^=0.033, P=0.397)
Home range road density may have had a slight eflfect on black bear survival. 
Although road density was greater within the home ranges of bears that died during the 
study from human cause (Fig. 9), the difference was not significant (P=0.364, df=8.3 with 
separate variances). The 6 year old female black bear removed from the analysis of age vs. 
road density, due to an exceptionally high home range road density, was included in the 
survival analysis. She was killed by hunters in 1995.
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Figure 9. Comparison of road densities within radio-collared black bear home ranges (km/km )̂ 
based on black bear survival (n=26). Survival was defined as radio-collared bears that were alive at 
the end of the study period. The “Yes” category represents black bears that survived through 
November 1996 (n=19). All mortalities were human-caused and occurred primarily during the black 
bear hunting season.
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H abitat Use Analyses
It was difficult to directly compare the chi-square and compositional analysis 
techniques because the two techniques described habitat use with different terminology and 
I did not have a control to determine if either technique was necessarily right or wrong. 
However, there were several results worth discussing in each analysis.
Chi-Square Analysis
The first habitat use analysis used the GBVM in its approximately original form, with 
28 classes, to define the habitat variables, and tested for habitat selection with the chi-square 
test and modified Bonferroni confidence intervals. The confidence intervals indicated black 
bears in the North Cascades study area selected against alpine and subalpine meadows, and 
subalpine heather and Vaccinium shrubfields. Most of a black bear’s diet is vegetation, 
primarily grasses and forbs in the spring and summer, and berries in the fall (Irwin and 
Hammond 1985, Anderson 1992, Raine and Kansas 1990) and these areas produce a large 
volume of bear foods, with the exception of the heather shrubfields. It seems intuitively 
contradictory that bears would select against a habitat class which serves as such a 
productive resource, but it may be other factors were involved. The bears may have been 
efficiently and satisfactorily exploiting the resources provided by the classes for which they 
were selecting. Additionally, bears were seldom relocated in areas above 5500 m, hence the 
apparent selection against these high elevation types. Unsworth et al. (1989) found bears 
only used ridges and upper slopes in the spring before plants cured. Amstrup and Beecham
40
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(1976) found strong relationships between the locations of the bears, habitat selection and 
food abundance. Bears tended to move between habitat types and elevations depending on 
the phenology and seasonal availability of food species. A seasonal analysis may reveal a 
pattern of change in use similar to other studies, which is being masked at the annual use 
level. Unfortunately, the sample size of relocations per bear was insufficient to create 
representative seasonal home ranges for a substantial number of the bears in the population. 
Results of the chi-square analysis with the 14 new habitat classes were similar to the 
previous results, but the description of selection lacked the detail of the original chi-square 
test.
Although the overall results of the chi-square analyses seem reasonable, problems 
arise from the violation of several assumptions of the chi-square goodness of fit test. First, 
the relocations for each bear are not independent (White and Garrott 1990, Alldredge and 
Ratti 1992) and are actually pseudoreplicates (Hurlbert 1984). White and Garrott (1990) 
stated pooling of animals is acceptable if only a few observations are available on many 
animals. The opposite is often true with telemetry studies of large carnivores where 
researchers obtain many observations of a few animals. Pooling animals may be 
inappropriate because at the landscape level different habitats are available at different 
proportions to each animal. To account for individual selection and to prevent animals from 
canceling out each other’s selection (White and Garrott 1990) it may be more appropriate to 
treat each animal as an individual sample (Aebischer et al. 1993). Secondly, bear habitat use 
analyses examine the amount of time the bear spends in each habitat class. These amounts 
are proportions, which are converted to counts for the chi-square test. The use of these
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converted proportions violates the unit-sum constraint (Aitchison 1986). Converting the 
proportions to counts attempts to ignore the constraint, but the numbers are still proportions 
and are not independent (Aebischer et al. 1993). Therefore, because of the high degree of 
heterogeneity in my study area and the violated assumptions of the chi-square analysis, 
compositional analysis appeared to provide a better statistical description of habitat use.
Compositional Analysis 
The CAP and the CAA both detected significant differences in relative habitat use 
versus habitat availability, but the 2 analyses suggested slightly different use patterns. The 
CAP and the CAA demonstrated similar habitat class rankings and habitat use patterns, at 
the extremes, with a few noticeable differences within the ranks. However, the CAA 
presented a superior degree of resolution (Bissonette et al. 1994), as revealed by the ranking 
matrices. The CAA yields a statistically stronger and more reliable analysis of habitat use of 
large, mobile animals in a heterogeneous landscape, so the following discussion relates 
primarily to the results of the CAA unless specifically stated otherwise. Both CAP and 
CAA suggested the Riparian Forest habitat class was more important to black bears than the 
other classes. The CAA also suggested Deciduous Forests were significantly important, 
while the CAP ranked Deciduous Forests 6*. Riparian areas are generally thought to be 
more productive (Brown et al. 1978 in Murray and Stauffer 1995) and support greater plant 
diversity than other habitat classes (Thomas et al. 1979, Bull 1978 in Murray and Stauffer
1995). Riparian areas provide critical resources, food, water and cover, as well as secure 
travel routes (Thomas et al. 1979). Most research on riparian areas has focused on birds, 
amphibians and fish, and little information is available on mammalian use of riparian habitats
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(Doyle 1990). Doyle’s (1990) study of small mammals in Oregon found riparian zones in 
montane areas provided superior habitat in terms of greater availability of forage and water. 
Although the riparian and deciduous areas were not abundant in my study area, they were 
important to black bears. The relative abundance of the Riparian Forests and Deciduous 
Forests habitat classes in the study area was 1.2% and 1.7% respectively. The two classes 
encompassed a very small portion of available habitats within all home ranges as well, 1.6% 
and 2.8% respectively. Black bears in Idaho (Unsworth et al. 1989) exploited the abundant 
food resources found in riparian areas, mesic aspen stands and streambeds, and used these 
areas as preferred feeding sites. Additional studies in Idaho (Young and Beecham 1986) 
and Montana (Jonkel and Cowan 1971) described riparian components as important to black 
bears.
Furthermore, riparian and deciduous forests are associated with water, so bears may 
have been attracted to these habitat classes because of the dry climate east of the Cascades. 
In contrast, the annual rainfall on the west side of the Cascades is 4 times greater than the 
east (Lindzey and Meslow 1977a, Doyle 1990) and the distinction between riparian zones 
and the adjacent areas is far less obvious on the west side of the Cascades (Doyle 1990). 
Although the mountainous western half of Colorado does not experience the influential 
maritime rain shadow characteristic of eastern Washington, Colorado also has a dry climate 
and riparian areas are considered especially important aspects of black bear habitat (Hoover 
and Wills 1987).
The dry climate of the Blue Mountains of Oregon creates a situation similar to that 
on the east side of the Cascades. Within the dry surrounding area, riparian zones are wet.
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productive, well defined microclimates and are used disproportionately by wildlife (Thomas 
et al. 1979). Thomas et al. (1979) described riparian areas as the most important habitat
'y
type for wildlife in the Blue Mountains. In addition to providing key habitat components, 
riparian areas are extremely important for providing secure connectivity between forested 
habitats^USDA 1994). Riparian areas are also used extensively by humans, thus creating a 
source of conflict between wildlife and human use management issues. Human activities in 
riparian areas, such as timber harvest and road construction, results in vegetation alteration, 
increased traffic disturbance and increased sediment deposits in streams. Roads have a 
greater impact on riparian areas than any other management activity as they fragment 
wildlife transportation corridors provided by riparian areas. Due to the importance of 
riparian zones and the disproportionate use, “habitat alterations will affect wildlife far more 
than indicated by the proportion of the total area disturbed” (Thomas et al. 1979:47).
Other habitat classes important to black bears were forested classes, Meadows and 
Shrubfields. Although the nature of the forest understory is more important than the 
overstoiy in meeting the habitat requirements o f bears (Hoover and Wills 1987), forested 
habitats are important to black bears as a source of cover (Herrero 1985), allowing bears to 
move securely across patchy landscapes in search of food (Hoover and Wills 1987), and for 
thermal regulation (Rogers 1993). Closed canopy forests are generally more important to 
bears for reasons other than food resources because the ground cover under the canopy is 
usually devoid of herbaceous vegetation (Grenfell and Brody 1986). I often found signs of 
beds and travel under closed canopies, and repeatedly located dropped collars at bedding 
sites. Unsworth et al. (1989) determined black bears most frequently used forested habitat
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types for bedding sites as well. During aerial surveys I frequently noticed the bears near 
edges o f cover classes, often in the trees. Forested habitat classes are important to bears for 
bedding and travel, but from their study of black bears in western Washington, Lindzey et al. 
(1986) suggested black bear populations are most productive when they have access to 
cover and adjacent high quality food resources. Unsworth et al. (1989) recommended 
maintenance of small, irregularly shaped openings to enhance this feature of bear habitat 
requirements. The open meadows and lush habitat classes provided a great deal more food 
resources for bears than the closed canopy habitat classes, with the possible exception of 
Riparian Forest. Wet meadows are also valuable habitat types in Colorado (Hoover and 
Wills 1987). Grenfell and Brody (1986) found black bears in California demonstrated a high 
degree of use in wet meadows, which had abundant food resources, and riparian areas, 
which often juxtaposed the meadows. Unsworth et al. (1989) felt meadows may have been 
more important to bears than their data suggested.
The Shrubfield habitat class ranked surprisingly low (6* tie). Shrubs are especially 
important to bears in the late summer and fall as berries ripen and bears begin preparations 
for denning (Jonkel and Cowan 1971, Unsworth et al. 1989, Schwartz and Franzmann 1991, 
Clark et al. 1994). Unsworth et al. (1989) noted bears avoided shrubfields in the spring, but 
not in the summer and fall. Black bears in northern Montana displayed high use of forested 
habitat classes until August when they shifted toward shrubfield classes (Kasworm and Thier 
1993). Some of the berry crops, such as Vaccinium, were noticeably poor in 1995 and 
1996, which may have forced bears to seek alternative food resources and use alternative 
habitat classes. Again, unfortunately small sample sizes prevented a seasonal habitat use
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analysis. A seasonal analysis may clarify this issue.
The habitat classes lacking quality vegetation. Harvest, Fire and Bare, were 
consistently used less relative to the other habitat classes. Harvest ranked 7*̂  and was 
relatively unimportant to bears (<1% of use). The cutting prescription in the study area 
varied from clearcuts to thinning, but in most cases most of the trees had been removed. 
These harvested areas were only 1-10 years old and had recently been burned to remove 
slash. As young age harvest units they probably did not have the desirable level of or 
combinations of food resources and cover so were avoided (Jonkel and Cowan 1971, 
Lindzey and Meslow 1977b, Unsworth et al. 1989). Fire ranked 10*. which was even lower 
(was used less) than the Bare habitat class (9*). The extreme damage of the two fires left 
little vegetation. Post fire habitat is usually characterized by the presence of many edible 
forbs, herbs and shrubs which are attractive to bears (Grenfell and Brody 1986, Hamer and 
Herrero 1987, Krebs 1994). However, in the fall of 1996 there were still major portions of 
the landscape within the bum perimeter devoid of vegetation and consequently this area was 
avoided by bears.
Roads, classified under the Bare habitat class, were abundant in the multiple-use 
lands of the study area, and were present in the home ranges of 88.5% of the bears. Roads 
do not provide any valuable resources and bears did not appear to frequently use roads. 
Black bears in Montana also tended to avoid open roads (Kasworm and Manley 1990). My 
data supported, although not through statistical significance, the idea that roads may not 
impact habitat quality nearly as much as population dynamics, through increased 
vulnerability to hunting (Brody and Stone 1987). The effects of roads on this bear
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population will be more appropriately addressed in a study specific to this issue 
(W. Gaines, pers. comm.).
Compositional analysis cannot be described with chi-square selection terminology. 
Compositional analysis does not indicate which habitat classes bears are selecting for or 
against, but rather ranks all classes relative to each other in terms of importance. McLellan 
(1986) pointed out the chi-square technique is heavily dependent on relative proportions of 
used and available habitats, and may find highly used habitats selected against if they are also 
readily available. Therefore, selection and importance may not be the same. In my study, 
Ponderosa Pine, Douglas-fir, and Subalpine Fir habitat classes comprised 47.2% of use, and 
were ranked 3"̂ ,̂ 3̂ '* (tie), and 5* (tie) respectively. These 3 classes made up almost half of 
all habitat use and the CAA suggests these classes are still important to bears even though 
they are also abundant. The Subalpine Fir class probably ranked lower because it had a 
substantially greater abundance within the study area than any other forested habitat class. 
This concept further supports compositional analysis as a more appropriate method for 
addressing the habitat requirements of bears.
Grizzly Bear Vegetation Map
The GBVM was a beneficial tool for this study but the original form may not be 
ideal for analysis of bear habitat use. The GBVM Level 2 classification scheme is too 
detailed for black bear habitat use analyses and there are too many habitat classes for 
practical statistical analyses of habitat use. Reclassification through combining habitat 
classes would be beneficial. Although the biggest drawback to combining habitat classes is 
the resultant loss of specificity, the distinction between some classes may be so subtle and
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difficult to recognize as to be unnecessary with respect to bear habitat use analyses. My 
overall vegetation plot accuracy was 76.3% and one of the largest sources of error was 
distinguishing the percentage ofPEPO in the plots to determine if it should be classified as 
PIPO or PIPO-PSME. This type of error accounted for 26.4% of the misclassified plots. 
Although black bears are usually associated with forested habitats (Herrero 1985), the 
degree of ponderosa pine in the plot, beyond that which distinguishes the plot as PIPO or 
PIPO-PSME, may not be critical to black bears.
Gmnes et al. (1994) expressed concern about the scale of the GBVM being too 
course and missing small important habitat types. GIS facilities are easily capable of 
creating maps with 30 m x 30 m pixels (Per Sandstrom, pers. comm ). Decreasing the oddly 
sized 57 m X 57 m (0.32 ha) pixel of the GBVM may make detection of these smaller sites 
possible and prevent their inclusion into the larger dominating habitat classes. One possible 
explanation for vegetation plot inaccuracies was titled, “inconsistent”, meaning the observed 
plot did not coincide with the GBVM in any way. Nineteen of the 53 inaccurate plots 
(35.9%) were “inconsistent”. For example, several of these inconsistent plots occurred 
along small, lush, often intermittent streams that would not get mapped as such, but instead 
would be lumped into the Shrub-Steppe class surrounding it. Bears were definitely using 
these streams and the immediately adjacent areas, and leaving behind sign, and scat. The 
Shrub-Steppe habitat class contributed 10.0% of the total use, but the habitat use analyses 
indicated bears selected against this habitat class in the chi-square analyses, and it ranked 8* 
in both the CAP and CAA As the Methow Valley descends fi*om the Cascades the valley 
becomes quite dry, and the Shrub-Steppe habitat class is abundant. Even though bears are
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frequently using the small lush areas within the larger encompassing Shrub-Steppe class, the 
degree of use is much less than the proportion available so the Shrub-Steppe class is not 
selected for or apparently important enough to black bears to garnish a high rank. Shrub- 
Steppe itself is probably not important to bears, as it provides relatively little bear foods, 
cover or water. However, the large pixel may be preventing the smaller types within from 
being recognized. Therefore, I must agree with Gaines et al. (1994:544), in that “the 
resolution of our vegetation map was too large to accurately map some very important small 
habitat types.”
The original GBVM provided a good vegetation base with which vegetation types 
could be lumped to develop habitat classes to perform a credible analysis of bear habitat use. 
However, creation of new habitat classes does not solve the issue of missing important 
habitat types. Thus, the challenge lies in finding a balance between vegetative detail, as in 
describing what is on the ground as determined by pixel size, and in habitat classification 
detail for habitat use analyses.
Diversity
Most bear food habit studies examine the volume of species in scat or stomach 
samples (Hatler 1972, Graber and White 1983, Grenfell and Brody 1983, MacHutchon 
1989). Studies that examined the relationship between habitat use and food species often 
analyzed food abundance because dense resources seem to be the most heavily exploited 
(Jonkel and Cowan 1971, Unsworth 1984 in Unsworth et al. 1989, Clark et al. 1994, 
Costello and Sage 1994). I attempted to determine if plant species diversity could also 
influence habitat selection. Hill (1973:431) claimed diversity is basically “the effective
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number of species present” and is primarily determined by the presence of rare species. 
Although Hill (1973) suggested the combination of No and Nj as the preferred measure of 
diversity, Ng is sensitive to rare species and sample size, whereas, Nj adjusts for rare species 
so is more of an index of abundant and dominant species (Hill 1973, Routledge 1979). Black 
bears appeared to use habitat classes which displayed high plant species (all plant species) 
and potential bear food species richness (Nq). Alternatively, increased with increased 
rank (decreased use) at the all plant species level, but decreased with increased rank at the 
bear food species level. The opposing trends, although not extreme, may have occurred 
because, in the all plant species analysis of as rank increased (use decreased) the number 
of unimportant and rare species in the plots increased. As these species increased in number 
they may also have occupied the space used by bear food species, decreasing the abundance 
of bear food species and hence making those habitat classes less desirable to bears. In 
contrast, for bear foods alone decreased with a decrease in use because the bear foods 
were possibly no longer as numerous or abundant within the plot.
Plant species presence and abundance within the 14 habitat classes was described in 
Appendix B. The Riparian habitat class, which was most important to bears and displayed 
relatively high diversity indices in all cases, had abundant vegetation. Whittaker (1965) 
maintained high species diversity does not necessarily correlate with high productivity. For 
example, the Mosaic habitat class, which was not very important to bears, had an all species 
Nj greater than Riparian and the Shrub habitat class had a bear food species Nj greater than 
Riparian. However, the Riparian habitat class displayed greater species abundance than 
either of those habitat classes. Although there may be a relationship between diversity and
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selection, plant abundance may have a greater influence on selection.
Scale
Incorporating telemetry error into my habitat use analysis through CAA allowed for 
the possibility that the bear was not actually at the point of the relocation but using habitat 
classes surrounding the point. This method prevented exclusion of habitat classes and 
considered edges. I frequently noticed bear relocations would be in timber within <100 m of 
an opening. It seemed the area analysis would detect those open habitat classes, which are 
generally important food resources, at a higher rate than the point analysis. However, the 
proportions of used habitat resulting from the point analysis and area analysis were 
comparable and discrepancies ranged from only 0.001 - 0.014. Although the results of the 
CAP and CAA were different, it is possible the plot scale at which I was attempting to 
analyze habitat was too small to pick up the major deviations or patterns. Although 
Volsen’s (1994) minimum mapping unit was much larger than mine he obtained similar 
results with his multiple-scale analysis of grizzly bear habitat use in Idaho.
Scale is defined by the two extremes of the extent and the grain of analysis (Wiens 
1989). The extent is the overall area under investigation, in this case black bear home 
ranges, while the grain is the individual observation size, in this case the 0 .32 ha pixels of the 
GBVM. Volsen (1994) found scale did not effect habitat use patterns so concluded he 
might have been examining use within a single domain, where variability of pattern and scale 
is stable (Wiens 1989, Wiens and Milne 1989). Volsen (1994:38) concluded “plot size and 
analysis area are not critical as long as they are smaller than the size of the population home 
range”. This conclusion must be acknowledged with the consideration that the smallest
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grain he worked with was 2.02 ha (5 acres). I may have detected a greater discrepancy 
between point use and area use if I had increased the scale (radius) of the buffer to 
something more meaningful to bears (Wiens 1989), such as the distance of daily movements 
(Clark et al. 1994, Volsen 1994). My buffer diameter of 230 m was only approximately 4 
pixels wide. Although we perceive habitat in portions of the North Cascades to be 
heterogeneous, especially in the multiple-use lands, bears may perceive heterogeneity at a 
different scale (Wiens and Milne 1989, Turner et al. 1991). Therefore, the scale of the 
GBVM or the scale of the buffered relocation used in this study may not have been ideal for 
adequately explaining the variation in black bear habitat use.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
CONCLUSION
In conclusion, riparian and mesic sites with diverse and abundant food resources are 
important to black bears in the northeastern Cascades. The dry climate of the eastern 
Cascades increases the importance of wet sites for black bears compared to western 
Washington. The Record of Decision (ROD) outlines the conservation strategy of the 
USFS and BLM within the range of the northern spotted owl according to President 
Clinton’s “Forest Plan” (USDA 1994). A major portion of the ROD is devoted to 
maintenance and improvement of riparian areas and is described in detail by the “Aquatic 
Conservation Strategy Objectives”. One objective that may be particularly important to
7' bears recommends maintenance and restoration of connectivity of riparian zones and 
forested habitat types with routes that are physically unobstructed by obstacles such as roads 
(USDA 1994). Therefore, if given the opportunity to improve bear habitat, reduction of 
disturbances within riparian zones is a management strategy supported by this study. Since 
riparian areas are especially important, and of relatively low abundance in the North 
Cascades, current attempts to maintain and enhance riparian areas within the range of the 
northern spotted owl are encouraged, and expansion into areas used by black bears outside 
of northern spotted owl ranges is suggested.
Maintenance of the mosaic of small openings and forested areas is also 
recommended. This is especially important due to a lack of natural disturbances in this area. 
This mosaic of vegetation can be maintained through carefully managed timber harvest 
procedures and prescribed burning to sustain high quality vegetation and soil characteristics
53
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(Unsworth et al. 1989). However, any land management activity that requires road 
development should be done with care to avoid increased black bear vulnerability associated 
with such roads. Roads should be used only when necessary and closed upon completion of 
the management activity.
To be useful in bear habitat use analyses the Grizzly Bear Vegetation Map must be 
modified. Modification will require that the present classes be grouped according to habitat 
class similarity and relevance to bear habitat use. Mapping at a finer scale, with smaller 
pixels, and with fewer habitat classes relevant to black bear habitat requirements would 
improve mapping accuracy and efficiency.
Unfortunately, small sample sizes discouraged me from performing habitat use 
comparison analysis on differences between seasonal use by individuals and between sexes. 
Aebischer and Robertson (1992) and Aebischer et al. (1993) recommended a minimum of 
10 animals per group when examining between group differences. My study population was 
heavily biased toward males I only had 9 females in my study so any results of a between 
sexes analysis would have been questionable. Additional data collection in 1997 should 
permit both seasonal and between-sex analyses, which might illuminate important details 
about black bear habitat use.
There are many methods available for analyzing vegetative habitat use data. The 
compositional analysis method provides more mathematically appropriate statistical 
calculations of proportional use vs. availability data, with greater statistical power 
(decreased risk of Type II errors) (Aebischer and Robertson 1992). Analysis of habitat use 
based on the area around the telemetry relocation is also more appropriate as it incorporates
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telemetry error into the analysis. Any study with substantial telemetry error, especially 
studies o f wide-ranging animals in a heterogeneous landscape, would be advised to conduct 
a CAA. Considerable changes in landscape features can occur over short distances, and 
disregarding error could have more serious effects on results than demonstrated here. 
Compositional analysis with area data provides a more sound scientific analysis of habitat 
use data and improves the reliability of results. Conclusions may be slightly more 
conservative, and more appropriate for an animal whose survival and habitat needs are in 
many ways determined by human actions in its habitat.
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Appendix A. Definition of alpha-numeric codes used to name habitat classes from the 
GBVM. Species and common names follow nomenclature o f Hitchcock and Cronquist 
(1973).
Alpha-Numeric Code Species Name Common Name
ABLA2 Ahies lasiocarpa subalpine fir
ABAM Abies amabilis silver fir
LALY Larix fyallii alpine larch
PIAL Firms albicaulis whitebark pine
PICO Firms contorta lodgepole pine
PIEN Ficea engelmannii Engelmann spruce
PIPO Firms ponderosa ponderosa pine
PSME Fseudotsuga menziesii Douglas-fir
TSHE Tsuga heterophylla western hemlock
TSME Tsuga mertensiana mountmn hemlock
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Appendix B. Mean percent cover and constancy values for plant species within each sampled habitat 
class. Mean percent cover indicates the percent of ground within the plot covered by the species, averaged 
across all plots within a particular habitat class, regardless of whether species was present in every plot. 
Constancy indicates the percentage of plots within each habitat class where each plant species occurred.
* indicates potential bear food.
Habitat Class Species Common Name Constancy % Cover
1 - Ponderosa Fine Overstory Trees 
26 plots Pinus contorta lodgepole pine 4 <1
Pinus ponderosa ponderosa pine 92 20
Populus tremuloides quaking aspen 4 <1
Populus trichocarpa black cottonwood 4 3
Pseudotsuga menziesii Douglas-fir 85 20
Understory Trees
Abies lasiocarpa subalpine fir 4 <1
Picea engelmannii Engelmann spruce 4 <1
Pinus ponderosa ponderosa inne 46 1
Populus tremuloides quaking aspen 12 <1
Populus trichocarpa black cottonwood 4 <1
Pseudotsuga menziesii Douglas-fir 69 7
Shrubs and Subshrubs
Acer glabrum Douglas’ maple 4 <1
Alnus sinuata Sitka alder 4 <1
*Amelanchier alnifolia western servicebeny 54 <1
*Arctostaphylos uva-ursi beaibeny 27 1
*Arctostaphylos spp. bearberry species 15 1
Artemisia tridentata big sagebrush 4 <1
Artemisia spp. sagebrush species 4 <1
*Berberis aquifolium tall Oregon grape 8 <1
*Berberis nervosa Cascade Oregon grape 8 <1
*Berberis repens creeping Oregon grape 8 <1
*Ceanothus velutinus snowbrush ceanothus 15 <1
*Chimaphila umbellata western prince’s pine 8 <1
*Chimaphila spp. prince’s pine species 4 <1
Holodiscus discolor ocean spray 12 <1
*Pachistima myrsinites Oregon boxwood 69 3
Purshia tridentata bitterbrush 19 <1
Pyrola asarifolia alpine pyrola 4 <1
*Ribes cereum squaw currant 4 <1
*Rosa gymnocarpa baldhip rose 4 <1
*Rosa spp. rose species 4 <1
*Salix scouleriana Scouler willow 27 <1
*Salix spp. willow species 4 <1
*Shepherdia canadensis russet buffalobeny 4 <1
Spiraea betulifolia shiny-leaf spiraea 23 2
*Symphoricarpo$ albus common snowberry 27 7
*Symphoricarpos oreophilus mountain snowberry 15 <1
*Symphoricarpos spp. snowberry species 27 6
*Vaccinium scoparium grouseberry 4 <1
*Vaccinium spp. huckleberry species 4 <1
Unknown shrub unknown shrub 4 <1
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^ipendixA . Continued
Habitat Class Species Common Name Constancy % Cover
1 - Ponderosa Pine 
continued
26 plots
Herbaceous Plants
Achillea millefolium yarrow 46 1
*Adenocaulon bicolor pathfinder 4 <1
Anaphalis margaritacea pearly everlasting 8 <1
Antennaria lanata wooly pussytoes 8 <1
Antennaria luzuloides woodrush pussytoes 27 <1
Antennaria racemosa raceme pussytoes 4 <1
Antennaria rosea rosy pussytoes 4 <1
Antennaria spp. pussytoes species 19 <1
Arenaria spp. sandwort species 4 <1
Arnica cordifolia heart leaf arnica 15 <1
Arnica latifolia mountain arnica 4 <1
Arnica sororia twin arnica 4 <1
Arnica spp. arnica species 4 <1
*Aster conspicuus showy aster 4 <1
*Aster spp. aster species 23 <1
*Astragalus canadensis Canada milkvetch 8 <1
Balsamorhiza sagittata arrowleaf balsamroot 23 <1
Calochortus spp. calochortus species 8 <1
*Castilleja spp. Indian paintbrush species 4 <1
Erigeron speciosus showy fieabane 8 <1
Erigeron spp. daisy species 4 <1
Eriogonum spp. bucWheat species 8 <1
*Fragaria vesca woods strawberry 23 <1
Gilia aggregata scarlet gilia 4 <1
Gnaphalium spp. cudweed 4 <1
Hahenaria unalascensis Alaska rein orchid 12 <1
*Hieracium albertinum western hawkweed 31 <1
*Hieracium albijlorum white flowered hawkweed 27 <1
*Hieracium spp. hawkweed species 23 <1
Luina nardosmia silvercTown luina 27 1
*Lupinus latifolius broadleaf lupine 8 <1
*Lupinus spp. lupine species 35 <1
*Osmorhiza chilensis mountain sweetroot 27 <1
*Pedicularis racemosa sickletop lousewort 4 <1
Penstemon rydbergii Rydberg’s penstemon 4 <1
Penstemon spp. penstemon species 15 <1
Pterospora spp. pinedrop species 4 <1
*Senecio integerrimus western groundsel 4 <1
*Senecio triangularis arrowleaf groundsel 4 <1
*Senecio spp. groundsel species 12 <1
*Smilacina spp. Solomon’s seal species 4 <1
*Streptopus amplexifolius twisted stalk 4 <1
*Taraxacum officinale common dandelion 12 <1
Thalictrum occidentale western meadowrue 15 <1
*Thistie s%y. thistle qiecies 4 <1
*Tragopogon pratensis meadow salsify 4 <1
Verbascum thapsus common mullein 4 <1
* Vicia spp. vetch species 8 >1
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Appendix A  Continued.
Habitat Class Species Common Name Constancy % Cover
1 - Ponderosa Fine Herbaceous Plants continued 
continued *Vtola glabella stream violet 4 <1
26 plots Zigadenus venenosus meadow death camas 12 <1
Unknown herb unknown herb 42 <1
Grasses
*Agropyron spicatum bluebunch wheatgrass 15 <1
*Carex hoodii Hood’s sedge 4 <I
*Carexspp. sedge species 4 <1
*Calamagrostis rubescens pine grass 92 17
*Festuca idahoensis Idaho fescue S <1
*Gramineae spp. grass species 23 2
*Poa spp. bluegrass species 4 <1
Ferns
*Polypodiaceae spp. fern species 4 <1
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Appendix A. Continued
Habitat Class Soecies Common Name Constancv % Cover
2 - Douglas-fir 
41 plots
Overstory Trees
Abies lasiocarpa subalpine û t 32 2
Picea engelmannii Engelmann ^ruce 17 2
Pinus contorta lodgepole pine 17 1
Pinus monticola western white pine 5 <1
Pseudotsuga menziesii Douglas-fir 98 41
Thuja plicata western red cedar 12 1
Understory Trees
Abies amabilis Pacific silver fir 2 <1
Abies lasiocarpa subalpine fir 12 1
Picea engelmannii Engelmann spruce 22 1
Pinus contorta lodgepole pine 10 <1
Pinus ponderosa ponderosa pine 5 <1
Pseudotsuga menziesii Douglas-fir 46 3
Thuja plicata western red cedar 17 2
Shrubs and Subshrubs
Acer glabrum Douglas’ maple 17 2
Alnus incana mountain alder 2 <1
Alnus spp. alder species 10 <1
*Amelanchier alnifolia western servicebeny 41 <1
*Arctostaphylos uva-ursi bearberry 15 <1
*Berberis aquifolium tall Oregon grape 7 <1
*Berberis nervosa Cascade Oregon grape 5 <1
*Berberis repens creeping Oregon grape 12 <1
*Berberis spp. Oregon grape species 12 <1
*Ceanothus velutinus snowbrush ceanothus 7 <1
*Chimaphila umbellata western prince’s pine 32 1
Holodiscus discolor ocean spray 15 <1
Linnaea borealis twinflower 15 <1
*Pachistima myrsinites Oregon boxwood 83 6
*Prunus emarginata bittercherry 2 <1
Pyrola asarifolia alpine pyrola 10 <1
Pyrola secunda sidebeUs pyrola 7 <1
Pyrola spp. pyrola species 7 <1
*Ribes cereum squaw currant 2 <1
*Ribes lacustre swamp gooseberry 17 <1
*Ribes viscosissimum sticky currant 5 <1
*Ribes spp. currant species 7 <1
*Rosa spp. rose species 20 <1
*Rubus parviflorus thimblebeny 5 <1
*Rubus spectabilis salmonbeny 2 <1
*Salix scouleriana Scouler willow 22 <1
*Shepherdia canadensis russet buffalobeny 10 <1
*Sorbus scopulina Cascade mountain ash 10 <1
*Sorbus sitchensis Sitka mountain ash 2 <1
Spiraea betulifolia shiny-leaf spiraea 20 <1
*Symphoricarpos albus common snowberry 27 4
*Symphoricarpos oreophilus mountain snowberry 7 <1
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Appendix A  Continued.
Habitat Class Species Common Name Constancy % Cov
Shrubs and Subshrubs continued
*Symphoricarpos spp. snowberry species 12 2
*Vaccmium membranaceum big huckleberry 2 <1
*Vaccinium scoparium grouseberry 2 <1
*Vaccmium spp. huckldjeny species 44 5
Unknown shrub unknown shrub 2 <1
Herbaceous Plants
Achillea millefolium yarrow 29 <1
Actaea rubra western red bandjeny 2 <1
*Adenocaulon bicolor pathfinder 15 <1
Anaphalis margaritacea pearly everlasting 5 <1
Antennaria luzuloides woodrush pusqrtoes 10 <1
Antennaria racemosa raceme pus^oes 2 <1
Antennaria rosea rosy pus^oes 2 <1
Antennaria spp. pusqrtoes species 17 <1
Arenaria macrophylla big-leaf sandwort 22 <1
Arenaria spp. sandwort species 15 <1
Arnica cordifolia heart leaf arnica 27 <1
Arnica latifolia mountain arnica 5 <1
Arnica spp. arnica species 12 <1
*Aster conspicuus showy aster 7 <1
*Aster foliaceus leafy aster 2 <1
*Aster spp. aster species 37 <1
Balsamorhiza sagittata arrowleaf balsamroot 10 <1
Calochortus lyallii Lyall mariposa 2 <1
Calochortus spp. calochortus species 2 <1
Calypso bulbosa fairy slipper 2 <1
*CastilleJa spp. Indian paintbrush species 7 <1
Cerastium spp. chickweed species 2 <1
*Claytonia lanceolata western springbeauty 2 <1
*Clintonia uniflora queen’s cup beadlily 10 <1
Collinsia parviflora small-flowered blue-eyed MatylO <1
Delphinium nuttallianum upland larkspur 5 <1
*Disporum hookeri Hooker’s fairybells 2 <1
*Disporum trachycarpum wartbeny faiiybeil 2 <1
*Disporum spp. fairybell species 12 <1
Epilobium angustifolium fireweed 2 <1
Erigeron peregrinus subalpine daisy 2 <1
Erigeron spp. dai^ species 5 <1
Eriogonum spp. buckwheat species 10 <1
*Erythronium spp. lily species 2 <1
*Fragaria vesca woods strawberry 7 <1
*Fragaria virginiana broac^ietal strawberry 7 <1
*Fragaria spp. strawberry species 2 <1
*Galium triflorum sweetscented bedstraw 7 <1
*Galium spp. bedstraw species 7 <1
Goodyera oblongifolia rattlesnake plantain 27 <1
Habenaria unalascensis A la ^  rein orchid 5 <1
Habenaria spp. bog orchid species 2 <1
2 - Douglas-fir 
continued
41 plots
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Appendix A. Continued.
Habitat Class Species Common Name Constancv % Cover
2 - Douglas-fir 
continued 
41 plots
Herbaceous Plants continued
Hackelia spp. wild forget-me-not qjecies 2 <1
*Hieracium albertinum western hawkweed 10 <1
*Hieracium albijlorum white flowered hawkweed 12 <1
*Hieracium spp. hawkweed species 34 <1
Lewisia columbiana Columbia lewisia 2 <1
Lilium columbianum tiger lily 5 <1
*Lomatium brandegei Brandegee’s lomatium 2 <1
Luina nardosmia silvercrown luina 44 3
*Lupinus latifolius broadleaf lupine 5 <1
*Lupinus sericeus silky lupine 2 <1
*Lupinus spp. lupine species 39 2
Microseris spp. microseris species 2 <1
*Osmorhiza chilensis mountain sweetroot 27 <1
*Osmorhiza occidentalis western sweetroot 2 <1
*Pedicularis racemosa sickletop lousewort 7 <1
*Pedicularis spp. lousewort species 5 <1
Penstemon rydbergii Rydberg’s penstemon 2 <1
Penstemon spp. penstemon species 2 <1
Potamogeton spp. pondweed species 2 <1
Sedum divergens spreading stonecrop 2 <I
*Senecio integerrimus western groundsel 2 <1
*Senecio spp. groundsel species 2 <1
*Smilacina racemosa western Solomon’s seal 7 <1
*Smilacina spp. Solomon’s seal species 10 <1
*Taraxacum officinale common dandelion 12 <1
Thalictrum occidentale western meadowrue 51 2
•Thistle spp. thistle species 2 <1
*Tiarella trifoliata coolwort foamflower 2 <1
*Tragopogon dubius yellow salsify 2 <1
*Trifolium longipes long stalked clover 2 <1
*Trifolium spp. clover species 2 <1
* Viola glabella stream violet 20 <1
*Vtola orbiculata round-leaved violet 2 <1
*Viola spp. violet species 5 <1
Zigadenus venenosus meadow death camas 10 <1
Unknown herb unknown herb 51 <1
Grasses
*Agropyron spicatum bluebunch wheatgrass 2 <1
*Carex geyeri Geyer’s sedge 7 <1
*Carex spp. sedge species 2 <1
*Calamagrostis rubescens pine grass 76 20
*Gramineae spp. grass species 24 <1
Ferns
*Polypodiaceae spp. fern species 7 1
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Appendix A. Continued
Habitat Class Species Common Name Constancy % Cover
3 - Subalpine Fir
62 plots Abies amabiiis Pacific silver fir 8 <1
Abies concolor white fir 2 <1
Abies lasiocarpa subalpine fir 81 25
Picea engelmannii Engelmann spruce 50 10
Pinus contorta lodgepole pine 40 8
Pinus monticola western white pine 3 <1
Pseudotsuga menziesii Douglas-fir 48 7
Thuja plicata western red cedar 5 <1
Tsuga mertensiana mountain hemlock 2 <1
Hnderstory Trees
Abies amabilis Pacific silver fir 11 4
Abies lasiocarpa subalpine fir 63 9
Abies spp. fir species 2 <1
Picea engelmannii Engelmann spruce 32 3
Pinus contorta lodgepole pine 18 2
Pinus monticola western white pine 2 <1
Pinus ponderosa ponderosa pine 2 <1
Pseudotsuga menziesii Douglas-fir 24 2
Thuja plicata western red cedar 6 <1
Tsuga heterophylla western hemlock 2 <1
Tsuga mertensiana mountain hemlock 3 <1
Shrubs and Subshrubs
Alnus incana mountain alder 3 <1
Alnus sinuata Sitka alder 8 <1
Alnus spp. alder qiecies 10 1
*Amelanchier alnifolia western servicebeny 18 <1
*Arctostaphylos nevadensis pinemat manzanita 2 <1
*Arctostaphylos uva-ursi beaibeny 6 <1
Artemisia tridentata big sagebrush 2 <1
*Berberis aquifolium tall Oregon grape 3 <1
*Berberis repens creeping Oregon grape 2 <1
*Berberis spp. Oregon grape species 2 <1
Cassiope spp. cassiope species 3 <1
*Chimaphila umbellata western prince’s pine 40 2
*Comus canadensis bunchbeny 15 6
Ledum glandulosum smooth labrador tea 5 2
linnaea borealis twinflower 27 2
*Lonicera involucrata beaibeny honeysuckle 11 <1
*Lonicera utahensis Utah honeysuckle 8 <1
*Lonicera spp. honeysuckle species 5 <1
Menziesia ferruginea fool’s huckleteny 5 <1
*Pachistima myrsinites Oregon boxwood 74 8
Pyrola asarifolia alpine pyrola 8 <1
Pyrola pi eta white vein pyrola 3 <1
Pyrola secunda sidebells pyrola 34 <1
I^ o la  uniflora wood nymph 2 <1
Pyrola spp. pyrola species 6 <1
Rhododendron albijlorum Cascade’s rhododendron 34 7
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Appendix A. Continued.
Habitat Class Soecies Common Name Constancy % Cover
3 - Subalpine Fir Shrubs and Subsbrubs continued 
continued Rhododendron spp. rhododendron species 2 <1
62 plots *Ribes cereum squaw currant 3 <1
*Ribes lacustre swamp gooseberry 16 <1
*Ribes viscosissimum sticky currant 5 <1
*Ribes spp. currant species 8 <1
*Rosa gymnocarpa baldhip rose 2 <1
*Rosa spp. rose species 6 <1
*Rubus parviflorus thimbldaerry 10 <1
*Rubus pedatus five-leaved bramble 8 2
*Rubus spp. bramble species 6 <1
*Salix scouleriana Scouler willow 15 <1
*Salix spp. willow species 5 <1
*Shepherdia canadensis russet biiSaloberry 10 <1
*Sorbus scopulina Cascade mountain ash 6 <1
*Sorbus sitchensis Sitka mountain ash 3 <1
*Sorbus spp. mountain ash species 2 <1
Spiraea betulifolia shiny-leaf spiraea 10 <1
*Symphoricarpos albus common snowberry 3 <1
*Symphoricarpos oreophilus mountain snowberry 2 <1
*Symphoricarpos spp. snowberry species 5 <1
*Vaccinium caespitosum dwarf huckleberry 2 <1
*Vaccinium membranaceumbig huckleberry 31 7
*Vaccinium myrtillus low huckleberry 11 2
*Vaccinium scoparium grouseberry 16 3
*Vaccinium spp. huckleberry species 45 5
*Viburnum edule cranberry 3 <1
Unknown shrub unknown shrub 6 <1
Herbaceous Plants
Achillea millefolium yarrow 11 <1
*Adenocaulon bicolor pathfinder 8 <1
Anaphalis margaritacea pearly everlasting 5 <1
Antennaria racemosa raceme pus^oes 5 <1
Antennaria rosea roQT pussytoes 2 <1
Antennaria spp. pussytoes species 10 <1
Arenaria macrophylla big-leaf sandwort 8 <1
Arenaria spp. sandwort species 2 <1
Arnica cordifolia heart leaf arnica 16 <1
Arnica latifolia mountain arnica 18 <1
Arnica spp. arnica species 16 1
Asarum caudatum wild ginger 2 <1
*Aster foliaceus leafy aster 5 <1
*Aster spp. aster species IS <1
Caltha biflora white marsh marigold 2 <1
Calypso bulbosa fairy slipper 3 <1
*CastilleJa spp. Indian paintbrush species 5 <1
*Claytonia lanceolata western springbeauty 3 <1
*Clintonia uniflora queen’s cup beadlily 21 <1
Delphinium spp. larkspur species 2 <1
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Appendix A. Continued
Habitat Class Species Common Name Constancy % Cover
3 - Subalpine Fir 
continued
62 plots
Herbaceous Plants continued
Dicentra formosa Pacific bleedingheart 3 <1
*Disporum hookeri Hooker’s faiiybells 3 <1
*Disporum spp. fmiybell species 3 <1
Epilobium angustifolium fireweed 13 <1
Erigeron peregrinus subalpine daisy 5 <1
Erigeron spp. daisy species 3 <1
*Erythronium montanum avalanche lily 5 <1
*Erythronium spp. lily species 2 <1
*Fragaria vesca woods strawberry 6 <1
*Fragaria virginiana broadpetal strawberry 8 <1
*Fragaria spp. strawberry species 2 <1
*Galium oreganum Oregon bedstraw 2 <1
*Galium triflorum sweetscented bedstraw 2 <1
*Galium spp. bedstraw species 8 <1
Goodyera oblongifolia rattlesnake plantain 32 <1
Habenaria dilatata white bog orchid 2 <1
Hackelia spp. wild forget-me-not species 2 <1
*Heracleum lanatum cow parsnip 8 <1
*Hieracium albiflorum white flowered hawkweed 11 <1
*Hieracium spp. hawkweed species 5 <1
Leguminosae Pea family 2 <1
Listera convallarioides broad lipped twayblade 3 <1
Lilium columbianum tiger lily 2 <1
*Lomatium dissectum fem-leaved lomatium 2 <1
Luina nardosmia silvercrown luina 18 <1
*Lupinus latifolius broadleaf lupine 15 <1
*Lupinus spp. lupine species 29 2
*Mertensia paniculata tall bluebells 2 <1
*Mitella pentandra alpine mitrewoit 3 <1
*Mitella spp. mitrewort species 2 <1
*Osmorhiza chilensis mountain sweetroot 26 <1
Pamassia fimbriata Grass-of-Pamassus 3 <1
*Pedicularis bracteosa bracted lousewort 6 <I
*Pedicularis racemosa sickletop lousewort 16 <1
*Pedicularis spp. lousewort species 8 <1
Saxifraga spp. saxifrage species 2 <1
Sedum stenopetalum wormleaf stonecrop 2 <1
*Senecio triangularis arrowleaf groundsel 3 <1
Silene spp. silene species 2 <1
*Smilacina racemosa western Solomon’s seal 15 <1
*Smilacina stellata starry Solomon’s seal 2 <1
*Smilacina spp. Solomon’s seal species 2 <1
*Streptopus amplexifolius twisted stalk 2 <1
*Streptopus roseus rosy twisted stalk 5 <1
*Taraxacum officinale common dandelion 6 <1
Tellima grandiflora fringecup 2 <1
Thalictrum occidentale western meadowrue 50 1
*Thistle spp. thistle species 2 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy %Cover
3 - Subalpine Fir Herbaceous Plants continued
continued *Tiarella trifoliata coolwort foamflower 15 <1
62 plots *Tiarella spp. foamflower species 2 <1
*Trautvetteria carolirtiensis false bugbane 5 <1
*Trifolium longipes long stalked clover 2 <1
*Trifolium spp. clover species 2 <1
Trollius laxus globeflower 2 <1
*Valeriana sitchensis Sitka valerian 19 1
*Valeriana spp. valerian species 2 <1
Veratrum viride American false hellebore 3 <1
* Viola glabella stream violet 10 <1
*Viola orbiculata round-leaved violet 5 <1
* Viola spp. violet species 19 1
Unknown herb unknown herb 26 <1
Grasses
*Bromus spp. brome species 2 <1
*Carex hoodii Hood’s sedge 2 <1
*Carex spp. sedge species 2 <1
*Calamagrostis rubescens pine grass 35 7
*Gramineae spp. grass species 39 2
*Poa spp. bluegrass species 2 <1
Ferns
*Equisetum arvense common horsetail 8 <1
Lycopodium spp. clubmoss species 3 <1
*Polypodiaceae spp. fern species 8 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
4 - Riparian Forest Overstory Trees
22 plots Abies amabilis Pacific silver fir 9 1
Abies lasiocarpa subalpine fir 41 8
Picea engelmannii Engelmann spruce 55 17
Pinus contorta lodgepole pine 41 6
Pinus monticola western white pine 5 <1
Pinus ponderosa ponderosa pine 9 <1
Pseudotsuga menziesii Douglas-fir 36 8
Thuja plicata western red cedar 18 6
Tsuga heterophylla western hemlock 5 1
Understory Trees
Abies amabilis Pacific silver fir 9 <1
Abies lasiocarpa subalpine fir 27 2
Picea engelmannii Engelmann spruce 36 4
Pinus monticola western white pine 5 <1
Pinus ponderosa ponderosa pine 5 <1
Pseudotsuga menziesii Douglas-fir 27 2
Thuja plicata western red cedar 18 <1
Shrubs and Subshrubs
Acer glabrum Douglas’ maple 36 1
Alnus rubra red alder 9 3
Alnus spp. alder species 9 2
*Amelanchier alnifolia western servicebeny 50 <1
*Arctostaphylos uva-ursi beaibeny 14 <1
*Berberis repens creeping Oregon grape 9 <1
*Berberis nervosa Cascade Oregon grape 9 <1
*Ceanothus sanguineus redstem ceanothus 5 <1
*Ceanothus velutinus snowbrush ceanothus 18 3
*Chimaphila umbellata western prince’s pine 36 <1
*Comus canadensis bunchbeny 32 6
*Comus stolonifera red-osier dogwood 9 <1
Holodiscus discolor ocean spray 9 <1
Linnaea borealis twinflower 32 5
*Lonicera involucrata beaibeny honeysuckle 18 <1
*Lonicera utahensis Utah honeysuckle 9 <1
*Lonicera spp. honeysuckle species 9 <1
Menziesia ferruginea fool’s huckleberry 9 <1
*Oplopanax horridum devil’s club 5 <1
*Pachistima myrsinites Oregon boxwood 77 14
*Prunus emarginata bittercherry 9 <1
Pyrola asarifolia alpine pyrola 32 <1
I^ o la  secunda sidebells pyrola 23 <1
Pyrola spp. pyrola species 5 <1
Rhododendron albiflorum Cascade’s rhododendron 9 <1
*Ribes lacustre swamp gooseberry 45 2
*Ribes viscosissimum sticky cunant 14 1
*Rosa gymnocarpa baldhip rose 5 <1
*Rosa woodsii Wood’s rose 5 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
4 - Riparian Forest Shrubs and Subsbrubs continued
continued *Rosa spp. rose species 14 <1
22 plots *Rubus parviflorus thimblebeny 23 1
*Rubus pedatus five-leaved bramble 9 3
*Rubus spp. bramble species 5 <1
*Salix scouleriana Scouler willow 14 <1
*Salix spp. willow species 14 1
*Sambucus spp. elderberry species 9 <1
*Shepherdia canadensis russet buf^obeny 32 6
*Sorbus scopulina Cascade mountain ash 14 <1
Spiraea betulifolia shiny-leaf spiraea 23 1
*Symphoricarpos albus common snowberry 23 <1
*Symphoricarpos spp. snowberry species 9 <1
*Vaccinium membranaceumbig hucklebeny 18 4
*Vaccinium myrtillus low hucklebeny 23 9
*Vaccinium scoparium grouseberry 5 2
Waccinium spp. huckleberry species 18 4
Unknown shrub unknown shrub 14 <1
Herbacemts Plants
Achillea millefolium yanow 23 <1
Aconitum columbianum Colombian monkshood 5 <1
Actaea rubra western red bandjerry 9 <1
*Adenocaulon bicolor pathfinder 9 <1
*Angelica spp. Angelica species 5 <1
Antennaria racemosa raceme pussytoes 9 <1
Antennaria spp. pusq/toes species 5 <1
Aquilegia formosa red columbine 14 <1
Arenaria macrophylla big-leaf sandwort 9 <1
Arenaria spp. sandwort species 5 <1
Arnica cordifolia heart leaf arnica 36 <1
Arnica latifolia mountain arnica 9 <1
*Aster foliaceus leafy aster 18 1
*Aster spp. aster species 18 <1
*Clintonia uniflora queen’s cup beadlily 45 1
*Disporum hookeri Hooker’s fairybells 14 <1
*Disporum spp. fairybell species 5 <1
Epilobium angustifolium fireweed 27 <1
Erigeron spp. daisy species 5 <1
*Fragaria vesca woods strawberry 9 <1
*Galium triflorum sweetscented bedstraw 9 <1
*Galium spp. bedstraw species 5 <1
Gaura parviflora small flowered gaura 5 <1
Goodyera oblongifolia rattlesnake plantain 27 <1
Habenaria dilatata white bog orchid 5 <1
*Heracleum lanatum cow parsnip 5 <1
*Hieracium albertinum western hawkweed 5 <1
*Hieracium albiflorum white flowered hawkweed 9 <1
*Hieracium spp. hawkweed species 5 <1
*Hydrophyllum capitatum ballhead waterleaf 5 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
4 - Riparian Forest Herbaceous Plants continued 
continued Lilium columbianum tiger lily 5 <1
22 plots Listera spp. listera species 5 <1
Luina nardosmia silvercrown luina 9 <1
*Lupinus latifolius broadleaf lupine 18 <1
*Lupinus spp. lupine species 9 <1
*Osmorhiza chilensis mountain sweetroot 32 <1
*Osmorhiza occidentalis western sweetroot 5 <1
*Pedicularis racemosa sickletop lousewort 18 <1
*Petasites JHgidus palmatus sweet coltsfoot 9 <1
Pterospora spp. pinedrop species 5 <1
*Smilacina racemosa western Solomon’s seal 36 <1
*Smilacina stellata starry Solomon’s seal 9 <1
*Streptopus amplexifolius twisted stalk 5 <1
*Taraxacum officinale common dandelion 5 <1
Thalictrum occidentale western meadowrue 45 1
*Tiarella trifoliata coolwort foamflower 14 <1
*Tiarella spp. foamflower species 5 <1
*Vateriana sitchensis Sitka valerian 9 <1
* Viola glabella stream violet 23 <1
*Viola orbiculata round-leaved violet 5 <1
*Viola spp. violet species 9 <1
Unknown herb unknown herb 23 <1
Grasses
*Agropyron spicatum bluebunch wheatgrass 5 <1
*Bromus spp. brome species 5 <1
*Carex spp. sedge species 9 <1
*Calamagrostis rubescens pine grass 32 6
*Gramineae spp. grass species 50 3
Ferns
*Equisetum arvense common horsetail 18 4
*Gymnocarpium dryopteris oak fern 9 1
*Polypodiaceae spp. fern species 9 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancv % Cover
5 - Hemlock Overstory Trees
5 plots Abies amabilis Pacific silver fir 40 2
Abies lasiocarpa subalpine fir 40 10
Picea engelmannii Engelmann spruce 40 4
Tsuga mertensiana mountain hemlock 80 31
Understory Trees
Abies amabilis Pacific silver fir 40 4
Abies lasiocarpa subalpine fir 40 7
Abies spp. fir species 20 1
Picea engelmannii Engelmann spruce 20 <1
Tsuga mertensiana mountain hemlock 100 7
Shrubs and Subsbrubs
*Amelanchter alnifolia western serviceberry 20 <1
Menziesia ferruginea fool’s huckleberry 40 <1
*Pachistima myrsinites Oregon boxwood 20 <1
Pyrola asarifolia alpine pyrola 20 <1
Pyrola secunda sidebells pyrola 20 1
Rhododendron albijlorum Cascade’s rhododendron 60 18
*Rubus ursinus Pacific blackberry 20 <1
*Rubus spp. bramble species 20 <1
*Sorbus scopulina Cascade mountain ash 20 <1
*Vaccinium spp. hucklebeny species 100 18
Unknown shrub unknown shrub 20 <1
Herbaceous Plants
*Adenocaulon bicolor pathfinder 20 <1
Antennaria luzuloides woodrush pussytoes 20 <1
Arnica latifolia mountain arnica 40 2
Arnica spp. arnica species 40 1
*Aster spp. aster species 20 <1
*Clintonia uniflora queen’s cup beadlily 20 <1
*Disporum hookeri Hooker’s fairybells 20 <1
*Fragaria vesca woods strawberry 40 3
*Fragaria spp. strawberry species 40 4
Goodyera oblongifolia rattlesnake plantain 20 <1
*Lomatium spp. lomatium species 20 <1
*Luplnus spp. lupine species 20 <1
*Mitella pentandra alpine mitrewort 20 <1
*Osmorhiza chilensis mountain sweetroot 20 <1
Phlox longifolia long-leaf phlox 20 <1
Thalictrum occidentale western meadowrue 40 <1
*Trautvetteria caroliniensis false bugbane 20 <1
*Valeriana sitchensis Sitka valerian 80 6
Veratrum viride American false hellebore 20 <1
* Viola glabella stream violet 20 1
*Viola orbiculata round-leaved violet 20 <1
*Viola spp. violet species 40 4
Unknown herb unknown herb 60 3
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Appendix A  Continued.
Habitat Class Species Common Name Constancv % Cover
5 - Hemlock Grasses
continued *Gramineae spp. grass species 60 3
5 plots Ferns
*Polypodiaceae spp. fern species 20 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
6 - Other Conifers
8 plots Abies amabilis Pacific silver fir 100 34
Abies lasiocarpa subalpine fir 25 1
Picea engelmannii Engelmann q)ruce 100 12
Pinus contorta lodgepole pine 38 7
Pinus monticola western white pine 13 <1
Pseudotsuga menziesii Douglas-fir 13 <1
Tsuga mertensiana mountain hemlock 13 4
Understory Trees
Abies amabilis Pacific silver fir 88 34
Abies lasiocarpa subalpine fir 25 9
Picea engelmannii Engelmann spruce 13 <1
Pinus monticola western white pine 13 <1
Tsuga heterophylla western hemlock 38 4
Tsuga mertensiana mountain hemlock 13 <1
Shrubs and Subsbrubs
Alnus sinuata Sitka aider 13 <1
*Chimaphila umbellata western prince’s pine 13 <1
*Comus canadensis bunchbeny 13 <1
Linnaea borealis twinflower 13 <1
*Lonicera involucrata bearberry honeysuckle 13 <1
*Lonicera utahensis Utah honeysuckle 25 <1
Menziesia ferruginea fool's hucWeberry 13 <1
*Pachistima myrsinites Oregon boxwood 75 15
Pyrola asarifolia alpine pyrola 63 1
Pyrola secunda sidebells pyrola 50 <1
Rhododendron albiflorum Cascade’s rhododendron 88 19
*Rosa spp. rose species 13 <1
*Rubus parviflorus thimbleberry 25 <1
*Rubus pedatus five-leaved bramble 38 <1
*Rubus spp. bramble species 25 2
*Sorbus scopulina Cascade mountain ash 13 <1
*Sorbus sitchensis Sitka mountain ash 13 <1
Spiraea betulifolia shiny-leaf spiraea 25 <1
*Vaccinium membranaceumt big hucklebeny 63 21
Waccinium myrtillus low huckleberry 75 15
Waccinium spp. huckleberry species 25 6
Herbaceous Plants
Arnica cordifolia heart leaf arnica 13 <1
Arnica latifolia mountain arnica 13 <1
Erigeron spp. daisy species 13 <1
Goodyera oblongifolia rattlesnake plantain 25 <1
Habenaria saccata slender bog orchid 13 <1
Leptarrhena pyrolifolia leatherleaf saxifrage 13 <1
Listera convallarioides broad lipped twaybla<te 13 <1
*Lupinus latifolius broadleaf lupine 13 <1
*Mitella pentandra alpine mitrewort 13 <1
*Osmorhiza chilensis mountain sweetroot 13 <1
Pamassia fimbriata Grass-of-Pamassus 13 <1
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
82
Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
6 - Other Conifers Herbaceous Plants continued
continued *Senedo triangularis arrowleaf groundsel 13 <1
8 plots *Streptopus amplexifolius twisted stalk 25 2
*Streptopus roseus rosy twisted stalk 13 <1
Thalictrum occidentale western meadowrue 13 <1
*Tiarella trifoliata coolwort foamflower 38 <1
*Trautvetteria caroliniensis false bugbane 13 <1
*Valeriana sitchensis Sitka valerian 38 <1
Veratrum viride American false hellebore 13 <1
* Viola spp. violet species 38 <1
Grasses
*Calamagrostis rubescens pine grass 13 <1
*Gramineae spp. grass species 13 <1
Ferns
*Equisetum arvense common horsetail 25 <1
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^pend ixA . Continued
Habitat Class Soecies Common Name Constancv % Cov
Overstory Trees
Abies lasiocarpa subalpine fir 11 <1
Pinus contorta lodgepole pine 11 <1
Pinus ponderosa ponderosa pine 22 2
Populus tremuloides quaking aspen 78 34
Populus trichocarpa black cottonwood 11 4
Pseudotsuga menziesii Douglas-fir 33 2
Understory Trees
Populus tremuloides quaking aspen 22 <1
Pseudotsuga menziesii Douglas-fir 11 <1
Shrubs and Subsbrubs
Acer glabrum Douglas’ maple 56 7
Acer spp. maple species 11 3
Alnus incana mountain alder 11 <1
Alnus sinuata Sitka alder 22 1
Alnus spp. alder species 22 <1
*Amelanchier alnifolia western servicebeny 56 3
Artemisia tridentata big sagebrush 11 1
*Berberis repens creeping Oregon grape 22 <1
*Berberis spp. Oregon grape species 11 <1
*Ceanothus sanguineus redstem ceanothus 22 <1
*Ceanothus velutinus snowbrush ceanothus 11 1
*Comus stolonifera red-osier dogwood 33 7
*Crataegus spp. hawthorn species 22 <1
*Pachistima myrsinites Oregon boxwood 33 5
*Prunus emarginata bittercherry 11 <1
*Prunus virginiana common chokecheny 33 <1
Purshia tridentata bitterbrush 11 <1
*Rosa spp. rose species 44 2
*Rubus parviflorus thimbldserry 22 <1
*Salix scouleriana Scouler willow 56 10
*Sorbus scopulina Cascade mountain ash 22 <1
Spiraea betulifolia shiny-leaf spiraea 11 <1
Spiraea spp. q)iraea species 11 <1
*Symphoricarpos albus common snowberry 67 14
*Symphoricarpos oreophilus mountain snowberry 11 7
*Symphoricarpos spp. snowberry species 22 9
*Vaccinium spp. huckleberry species 22 2
Unknown shmb unknown shrub 11 <1
Herbaceous Plants
Achillea millefolium yarrow 22 <1
Actaea rubra western red banebeny 11 <1
Arenaria spp. sandwort species 11 <1
Arnica latifolia mountain arnica 11 <1
*Aster spp. aster species 44 <1
^Astragalus spp. milkvetch species 11 <1
Balsamorhiza sagittata arrowleaf balsamroot 11 <1
Brassica spp. mustard species 11 <1
Centaurea spp. knapweed species 33 2
7 - Deciduous 
Forest 
9 plots
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Appendix A. Continued.
Habitat Class Species Common Name Constancv % Cover
7 - Deciduous 
Forest
Herbaceous Plants continued
*Disporum spp. fairybell species 33 <1
continued *Fragaria vesca woods strawberry 11 <1
9 plots *Galium triflorum sweetscented bedstraw 11 <1
*Galium spp. bedstraw species 33 <1
*Heracleum lanatum cow parsnip 22 <1
*Hydrophyllum capitatum ballhead waterleaf 11 <1
*Lomatium spp. lomatium species 11 <1
Madia spp. tarweed species 11 <1
*Osmorhiza chilensis mountain sweetroot 56 <1
Penstemon spp. penstemon species 22 <1
*Senecio spp. groundsel species 22 <1
*Smilacina racemosa western Solomon’s seal 11 <1
*Smilacina stellata starry Solomon’s seal 22 <1
*Smilacina spp. Solomon’s seal species 22 <1
Thalictrum occidentale western meadowrue 56 <1
♦Thistle spp. thistle species 11 <1
*Tragopogon spp. salsify qxcies 11 <1
*Trifolium spp. clover species 33 <1
Verbascum thapsus common mullein 11 <1
* Viola glabella stream violet 22 <1
* Viola purpurea goosefoot violet 11 <1
Zigadenus venenosus meadow death camas 11 <1
Unknown herb unknown herb 22 <1
Grasses
*Calamagrostis rubescens pine grass 33 3
*Gramineae spp. grass species 67 13
Ferns
*Eguisetum arvense common horsetail 22 <1
*Polypodiaceae spp. fern species 33 13
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Appendix A. Continued.
Habitat Class Species Common Name Constancv % Cover
8 - Mosaic Overstory Trees
4 plots Pinus ponderosa ponderosa pine 75 4
Pseudotsuga menziesii Douglas-fir 75 14
Understory Trees
Pinus ponderosa ponderosa pine 50 <I
Populus tremuloides quaking aspen 25 <1
Pseudotsuga menziesii Douglas-fir 75 6
Shrubs and Subsbrubs
*Amelanchier alnifolia western servicebeny 25 <1
*Arctostaphylos nevadensis pinemat manzanita 25 1
*Arctostaphylos uva-ursi bearberry 25 8
*Arctostaphylos spp. bearberry species 25 3
*Ceanothu5 velutinus snowbrush ceanothus 25 3
*Chimaphila umbellata western prince’s pine 25 <1
*Pachistima myrsinites Oregon boxwood 50 <1
Purshia tridentata bitterbrush 25 1
*Shepherdia canadensis russet buffalobeny 25 <1
*Symphoricarpos oreophilus mountain snowberry 25 <1
*Vaccinium spp. huckleberry species 25 <1
Unknown shmb unknown shmb 25 <1
Herbaceous Plants
Achillea millefolium yarrow 50 <1
Agoseris glauca pale agoseris 25 <1
Antennaria luzuloides woodrush pussytoes 25 <1
Antennaria spp. pussytoes species 50 <1
Arenaria spp. sandwort species 50 <1
* Aster spp. aster species 25 <1
Balsamorhiza saggittata arrowleaf balsamroot 25 <1
*CastilleJa spp. Indian paintbrush species 25 <1
*Compositae spp. composite species 25 <1
Delphinium nuttallianum upland larkspur 25 <1
Hackelia spp. wild forget-me-not species 25 1
*Heuchera cylindrica round-leaf alumroot 25 <1
*Hieracium albertinum western hawkweed 50 <1
*Hieracium albijlorum white flowered hawkweed 25 <1
*Hydrophyllum fendleri Fendler’s waterleaf 25 <1
Lilium columbianum tiger lily 25 <1
*Lomatium tritematum nine-leaf lomatium 25 <1
Luina nardosmia silvercrown luina 25 11
*Lupinus spp. lupine species 25 <1
*Osmorhiza chilensis mountain sweetroot 25 <1
Penstemon spp. penstemon species 25 <1
Sedum stenopetalum wormleaf stonecrop 25 <1
*Senecio spp. groundsel species * 25 <1
*Taraxacum officinale common dandelion 25 <1
*Viola glabella stream violet 25 <1
Unknown herb unknown herb 50 1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
8 - Mosaic Grasses
continued *Calamagrostis rubescens pine grass 75 9
4 plots *Carex hoodii Hood’s sedge 25 <1
*Festuca spp. fescue species 25 <1
*Gramineae spp. grass species 25 <1
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Appendix A  Continued
Habitat Class Species Common Name Constancy % Cover
9 - Shrabfieid
17 plots
Overstory Trees
Abies lasiocarpa subalpine fir 12 <1
Pinus ponderosa ponderosa pine 12 <1
Populus tremuloides quaking aspen 24 5
Pseudotsuga menziesii Douglas-fir 35 3
Understory Trees
Abies lasiocarpa subalpine fir 6 <1
Larix lyalli al|Mne larch 6 <1
Pinus ponderosa ponderosa pine 6 2
Populus tremuloides quaking aspen 24 3
Pseudotsuga menziesii Douglas-fir 6 <1
Tsuga mertensiana mountain hemlock 6 <1
Shrubs and Subsbrubs
Acer circinatum vine maple 12 2
Acer glabrum Douglas’ maple 29 7
Alnus spp. alder species 6 3
*Amelanchier alnifolia western servicebeny 65 4
*Arctostaphylos uva-ursi bearberry 6 2
Artemisia tridentata big sagebrush 6 <1
*Berberis aquifolium tall Oregon g r ^ 6 <1
*Berberis repens creeping Oregon grape 12 <1
*Berberis spp. Oregon grape species 12 <1
*Ceanothus velutinus snowbrush ceanothus 29 11
*Ceanothus spp. ceanothus species 12 1
*Crataegus spp. hawthorn species 6 2
Holodiscus discolor ocean spray 24 2
*Lonicera involucrata bearberry honeysuckle 6 <1
*Lonicera spp. honeysuckle species 6 <1
*Pachistima myrsinites Oregon boxwood 82 12
Phyllodoce spp. mountain heath 6 4
*Prunus emarginata bittercherry 29 <1
*Prunus virginiana common chokecheny 29 2
*Prunus spp. cherry species 6 <1
*Purshia tridentata bitterbrush 6 <1
*Ribes lacustre swamp gooseberry 6 <1
*Ribes viscosissimum sticky currant 6 <1
*Rosa spp. rose species 12 <1
*Rubus parviflorus thimbleberry 12 1
*Salix scouleriana Scouler willow 24 4
*Sambucus spp. elderberry species 6 <1
*Sorbus scopulina Cascade mountain ash 18 1
*Sorbus sitchensis Sitka mountain ash 6 <1
*Sorbus spp. mountain ash species 6 2
Spiraea betulifolia shiny-leaf spiraea 24 <1
*Symphoricarpos albus cottunon snowberry 53 6
*Symphoricarpos oreophilus mountain snowberry 18 1
*Symphoricarpos spp. snowberry species 12 <1
*Vaccinium spp. huckleberry species 6 <1
Unknown shrub unknown shrub 6 <1
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^ ^ n d ix A . Continued.
Habitat Class Species Common Name Constancy % Cover
9 - Shrubfield Herbaceous Plants
continued Achillea millefolium yarrow 41 <1
17 plots Anaphalis margaritacea pearly everlasting 6 <1
Antennaria argentea silvery pussytoes 6 <1
Antennaria spp. pussytoes species 6 <1
Arenaria macrophylla big-leaf sandwort 18 <1
Arnica cordifolia heart leaf arnica 6 <1
*Aster conspicuus showy aster 12 <1
*Aster ledophyllus Cascade aster 6 <1
*Aster foliaceus leafy aster 6 <1
*Aster spp. aster species 29 1
*Astragalus canadensis Canada milkvetch 6 <1
*Astragalus spp. milkvetch species 6 <1
Campanula rotundifolia lacfy’s thimble 6 <1
*CasUlleja spp. Indian paintbrush species 12 <1
Centaurea spp. knapweed species 6 <1
*Cirsium edule edible thistle 6 <1
Cypripedium montanum mountain lady’s slipper 6 <1
*Disporum hookeri Hooker’s fairybells 6 <1
*Disporum spp. fairybell species 6 <1
Epilobium angustifolium fireweed 24 <1
Erigeron spp. daisy species 12 <1
Eriogonum flavum yellow buckwheat 6 <1
*Erythronium montanum avalanche lily 6 <1
*Fragaria virginiana broa(^tal strawberry 18 <1
*Galium boreale northern bedstraw 6 <1
*Galium triflorum sweetscented bedstraw 12 <1
*Galium spp. bedstraw species 6 <1
Hackelia spp. wild forget-me-not species 6 <1
*Hieracium albertinum western hawkweed 6 <1
*Hieracium albiflorum white flowered hawkweed 12 <1
*Hydrophyllum fendleri Fendler’s waterleaf 6 <1
Ldlium columbianum tiger lily 6 <1
Luina nardosmia silvercrown luina 24 <1
*Lupinus spp. lupine species 18 <1
Madia spp. tarweed species 6 <1
*Osmorhiza chilensis mountain sweetroot 18 <1
*Osmorhiza occidentalis western sweetroot 18 <1
*Pedicularis racemosa sickletop lousewort 6 <1
Penstemon spp. penstemon species 6 <1
Phacelia hastata whiteleaf phacelia 6 <1
Phlox spp. phlox species 6 <1
Sedum stenopetalum wormleaf stonecrop 6 <1
*Smilacina racemosa western Solomon’s seal 12 <1
*Smilacina stellata starry Solomon’s seal 12 <1
*Smilacina spp. Solomon’s seal species 6 <1
*Taraxacum officinale common dandelion 6 <1
Thalictrum occidentale western meadowrue 47 4
Verbascum thapsus common mullein 6 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
9 - Shrubfîeld Herbaceous Plants continued
continued *Viola glabella stream violet 6 <1
17 plots *Viola spp. violet species 6 <1
Unknown herb unknown herb 41 1
Grasses
*Agropyron spicatum bluebunch wheatgrass 6 <1
*Bromus spp. brome species 7 1
*Carex spp. sedge species 6 <1
*Calamagrostis rubescens pine grass 29 9
*Festuca idahoensis Idaho fescue 6 <1
*Gramineae spp. grass species 71 6
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
10 - Meadow Overstory Trees
Abies lasiocarpa subalpine fir 25 3
Picea engelmanrtii Engelmann spruce 9 <1
Pinus contorta lodgepole pine 22 <1
Pinus ponderosa ponderosa pine 6 <1
Pseudotsuga menziesii Douglas-fir 63 6
Understory Trees
Abies lasiocarpa subalpine fir 34 <1
Picea engelmannii Engelmann spruce 6 <1
Pinus contorta lodgepole pine 16 <1
Pinus ponderosa ponderosa pine 9 <1
Pseudotsuga menziesii Douglas-fir 44 2
Shrubs and Subshrubs
*Amelanchier alnifolia western serviceberry 22 1
*Arctostaphyios nevadensis pinemat manzanita 9 <1
*Arctostaphylos uva-ursi beaibeny 19 2
Artemisia spp. sagebrush species 3 <1
*Berberis aquifolium tall Oregon grape 6 <1
*Berberis spp. Oregon grape species 3 <1
*Chimaphila umbellata Western prince’s pine 3 <1
Holodiscus discolor ocean spray 6 <1
*Juniperus communis mountain juniper 9 <1
Linnaea borealis twinflower 3 <1
*Pachistima myrsinites Oregon boxwood 44 <1
Pyrola asarifolia alpine pyrola 3 <1
*Ribes lacustre swamp goosdxrry 16 <1
*Ribes spp. currant species 9 <1
*Ribes viscosissimum sticky currant 3 <1
*Rubus parvijlorus thimbleberty 3 <1
*Rubus spp. bramble species 9 <1
Spiraea betulifolia shiny-leaf spiraea 13 <1
Spiraea spp. ^iraea species 3 . <1
*Symphoricarpos albus common snowberry 16 <1
*Symphoricarpos oreophilus mountain snowberry 3 <1
*Symphoricarpos spp. snowberry species 3 <1
*Vaccinium scoparium grouseberry 13 1
*Vaccinium spp. huckleberry species 19 1
Unknown shrub unknown shrub 13 <1
Herbaceous Plants
Achillea millefolium yarrow 78 2
Agoseris aurantiaca orange agoseris 13 <1
Agoseris glauca pale agoseris 3 <1
Anaphalis margaritacea pearly everlasting 19 <1
Antennaria alpina alpine pusQtoes 6 <1
Antennaria lanata wooly pus^oes 6 <1
Antennaria luzuloides woodrush pussytoes 19 <1
Antennaria rosea rosy pussytoes 9 <1
Antennaria spp. pus^oes species 16 <1
Arenaria macrophylla big-leaf sandwort 25 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
10 - Meadow 
continued
32 plots
Herbaceous plants continued
Arenaria spp. sandwort species 22 <1
Arnica cordifolia heart leaf arnica 28 <1
Arnica latifolia mountain arnica 22 <1
Arnica spp. arnica species 3 <1
*Aster ledophyllus Cascade aster 3 <1
*Aster spp. aster species 25 <1
*Astragalus spp. milkvetch species 3 <1
Balsamorhiza sagittata arrowleaf balsamroot 16 1
Calypso bulbosa fairy sli^Jer 3 <1
Carduus nutans musk thistle 3 <1
Campanula rotundifolia lack’s thimble 3 <1
*CastilleJa spp. Indian paintbrush species 25 <1
Cerastium spp. chickweed species 3 <1
*Cirsium edule edible thistle 3 <1
*Cirsium vulgare bull thistle 3 <1
*Claytonia lanceolata western springbeaufy 5 <1
Collinsia parvijlora small-flowered blue-eyed Maty25 <1
*Compositae spp. composite species 3 <1
Delphinium nuttallianum upland larkspur 13 <1
Dicentra formosa Pacific bleedingheart 9 <1
Epilabium angustifolium fireweed 3 <1
Erigeron peregrinus subalpine daisy 9 <1
Erigeron spp. daisy species 16 <1
Eriogonum heracleoides Wyeth buckwheat 6 <1
Eriogonum umbellatum sulfur buckwheat 3 <1
Eriogonum spp. buckwheat species 3 <1
*Erythronium spp. lily species 6 <1
*Fragaria vesca woods strawberry 22 <1
*Fragaria virginiana broadpetal strawberry 3 <1
*Fragaria spp. strawberry species 13 <1
*Fritillaria spp. fritillary species 6 <1
Gilia aggregata scarlet gilia 3 <1
Habenaria unalascensis Alaska rein orchid 3 <1
Hackelia spp. wild forget-me-not species 9 <1
*Heracleum lanatum cow parsnip 3 <1
*Hieracium albertinum western hawkweed 9 <1
*Hieracium albiflorum white flowered hawkweed 22 <1
*Hieracium spp. hawkweed species 13 <1
*Hydrophyllum fendleri Fendler’s waterleaf 3 <1
Lewisia columbiana Columbia lewisia 6 <1
Dthophragpia parvijlora prairie star 6 <1
*Lomatium dissectum fem-leaved lomatium 6 <1
*Lomatium tritematum nine-leaf lomatium 9 <1
*Lomatium spp. lomatium species 6 <1
Luina nardosmia silvercrown luina 50 2
*Lupinus latifolius broadleaf lupine 6 <1
*Lupinus spp. lupine species 72 4
Microseris spp. microseris species 3 <1
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Appendix A. Continued
Habitat Class Species Common Name Constancy % Cover
10 - Meadow 
continued
Herbaceous Plants continued
*Mitella spp. mitrewort species 6 <1
32 plots *Osmorhiza chilensis mountain sweetroot 25 <1
Penstemon spp. penstemon species 13 <1
*Pedicularis racemosa sickletop lousewort 3 <1
Phacelia hastata whiteleaf phacelia 6 <1
Phlox diffusa spreading phlox 9 1
*Polygonum spp. knotweed species 3 <1
Pterospora andromedea woodland pinedrops 3 <1
Sedum divergeas spreading stonecrop 6 <1
Sedum stenopetalum wonnleaf stonecrop 19 <1
*Senecio integerrimus western groundsel 9 <1
*Senecio spp. groundsel species 6 <1
*Smilacina racemosa western Solomon’s seal 3 <1
Solidago canadensis Canada goldenrod 3 <1
Solidago multiradiata northern goldenrod 3 <1
*Streptopus roseus rosy twisted stalk 3 <1
*Taraxacum officinale common dandelion 31 <1
Thalictrum occidentale western meadowrue 23 <1
♦Thistle thistle species 9 <1
*Trifolium longipes long stalked clover 3 <1
*Trifolium spp. clover species 6 <1
* Valeriana sitchensis Sitka valerian 3 <1
Veronica cusickii Cusick’s speedwell 3 <1
Verbascum thapsus common mullein 9 <1
Veratrum viride American false hellebore 9 <1
*Viola glabella stream violet 6 <1
*Viola orbiculata rotmd-leaved violet 6 <1
*Viola spp. violet species 6 <1
Zigadenus venenosus meadow death camas 16 <1
Unknown herb unknown herb 53 <1
Grasses
*Agropyron spicatum bluebunch wheatgrass 3 <1
*Bromus spp. brome species 3 1
*Carexgeyeri Geyer’s sedge 13 <1
*Carex hoodii Hood’s sedge 3 <1
*Carex rossii Ross sedge 3 <1
*Carex spp. sedge species 9 <1
*Calamagrostis rubescens pine grass 81 30
*Festuca idahoensis Idaho fescue 3 <1
*Gramineae spp. grass species 59 9
*Poa ampla alkali bluegrass 3 3
Ferns
*Equisetum spp. horsetail species 3 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
11 - Shrub-Steppe Overstory Trees
11 plots Pinus ponderosa ponderosa pine 73 8
Pseudotsuga menziesii Douglas-fir 64 5
Understory Trees
Pinus ponderosa ponderosa pine 45 <1
Pseudotsuga menziesii Douglas-fir 64 1
Shrubs and Subshrubs
Acerglabrum Douglas’ maple 9 <1
*Amelanchier alnifolia western serviceberry 64 2
*Arctostaphylos spp. bearberry species 18 <1
Artemisia tridentata big sagebrush 9 2
*Berberis repens creeping Oregon grape 9 <1
*Ceanothus sanguineus redstem ceanothus 9 2
*Ceanothus velutinus snowbrush ceanothus 9 <1
*Prunus virginiana common chokecheny 27 <1
Purshia tridentata bitterbrush 64 6
*Ribes cereum squaw currant 9 <1
*Salix scouleriana Scouler willow 9 <1
Spiraea betulifolia shiny-leaf spiraea 18 <1
*Symphoricarpos albus common snowberry 27 <1
*Symphoricarpos oreophilus mountain snowberry 27 <1
Unknown shrub unknown shrub 18 <1
Herbaceous Plants
Achillea millefolium yarrow 73 <1
Antennaria luzuloides woodrush pussytoes 9 <1
Antennaria spp. pussytoes species 9 <1
Arenaria spp. sandwort species 27 <1
*Astragalus spp. milkvetch species 9 <1
Balsamorhiza sagittata arrowleaf balsamroot 73 3
Centaurea spp. knapweed species 9 <1
Clematis ligusticifolia western clematis 9 <1
Collomia tinctoria yellow-staining collomia 9 <1
♦Compositae spp. composite species 9 <1
Epilobium angustifolium fireweed 9 <1
Epilobium minutum small-flowered willow herb 9 <1
Erigeron peregrinus subalpine daisy 9 <1
Erigeron spp. daisy species 18 <1
Eriogonum heracleoides Wyeth buckwheat 9 <1
Eriogonum spp. buckwheat species 36 <1
*Fritillaria lanceolata mission bells 9 <1
*Hieracium albertinum western hawkweed 27 <1
*Hieracium spp. hawkweed species 9 <1
*Hydrophyllum capitatum ballhead waterleaf 18 <1
Lithophragma parvijlora prairie star 9 <1
*Lomatium tritematum nine-leaf lomatium 18 <1
Luina nardosmia silvercrown luina 27 1
*Lupinus spp. lupine species 27 <1
*Osmorhiza chilensis mountain sweetroot 9 <1
*Osmorhiza occidentalis western sweetroot 9 <1
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Appendix A. Continued.
Habitat Class Species Common Name Constancy % Cover
11 - Shrub-Steppe Herbaceous Plants continued
continued Penstemon rydbergii Rydberg’s penstemon 9 <1
11 plots Penstemon spp. penstemon species 45 <1
Phacelia spp. phacelia species 9 <1
Sedum stenopetalum wormleaf stonecrop 9 <1
*Senecio integerrimus western groundsel 18 <1
*Senecio spp. groundsel species 18 <1
Stephanomeria tenuifolia narrow-leaved skeleton weed 9 <1
^Taraxacum officinale common dandelion 9 <1
*Tragopogon spp. salsify species 9 <1
Verbascum thapsus common mullein 9 <1
*Viola glabella stream violet 9 <1
Zigadenus venenosus meadow death camas 18 <1
Unknown herb unknown herb 45 <1
Grasses
*Agropyron spicatum bluebunch wheatgrass 27 4
*Bromus tectorum cheat grass 9 <1
*Calamagrostis rubescens pine grass 18 6
*Gramineae spp. grass species 55 13
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